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limit. Increasing the number of records observed thus tends to eliminate 
errors arising from random uncorrected variations in environment but does 
not tend to eliminate errors arising from dominance or epistasis or consis- 
tently biased and uneorrected environment. 

On the other hand, the average record of n daughters each tested once 
is correlated with the dam ’s genotype thus : 

1 + (n-1 ) (h 2 g 2 a 2 b 2 -f e 2 r KR ) 

which approaches 

I h 2 gVb“ 

\ h 2 g 2 a z b 2 + e 2 r K R 

as n becomes indefinitely large. This approaches unity when e 2 ^,.; is zero. 
Jn other words, increasing n tends to cancel errors arising from the imper- 
fections of both li and g, whereas increasing m tends to cancel the imperfec- 
tions of li,, but does nothing to correct for the fact that g p is less than unity. 
However the progeny test involves ab which arises from the intervening 
generation of Mendelian segregation and appears not at all in the correla- 
tion between dam’s record and dam’s genotype. 

Thus a daughter’s record usually is a less accurate (on account of ab) 
indicator of her dam’s genotype than the dam’s own record is, but the er- 
rors in daughters’ records tend to be more completely cancelled by the aver- 
aging process than is the case with errors in the dam’s record. Hence if 
g and g p were quite small, it might be possible for n to be so large that its 
cancellation of errors arising from dominance or epistasis would more than 
make up for the Mendelian sampling errors which affect the progeny aver- 
age but not the dam's own records. 

The problem of the relative accuracy of progeny test and dam's own 
record as indicators of the dam’s genotype therefore becomes the quantita- 
tive one of balancing the errors introduced by ab against the greater effec- 
tiveness of the progeny average in eliminating errors introduced by domi- 
nance and epistasis. Unfortunately for the simplicity of the answer, e 2 r E E 
and e p 2 r Bp iSp cannot safely be considered zero and their existence sets serious 
limits on the effectiveness of averaging as a means of eliminating errors, 
either from the daughter average or from the average of the dam’s own 
record**. 

The value of ab will be nearly .5 even with moderately large departures 
from random mating (11, pages 118-119). Substituting that value for ab, 
the ratio (B) of r A a to r M o becomes 


hg / £ M + ( m ~l ) ( h p 2 + e p 2 r BpE p ) 
h p &T V m \ 4 + ( n _i) (h 8 g 2 + 4e 2 r EE ) 
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If dam and daughters are produced by the same kind of a breeding system 
g = g p and if dams and daughters are equally typical samples of their gen- 
erations and if the records used to represent the productiveness of dam and 
of daughters are chosen by a method equally fair to both, h = h p and the 
first part of this expression cancels. Assuming (as the ease most favorable 
to the progeny test) that m = l and squaring to simplify the expression we 
have 

= ( 2 ) 

44 (n-1) (h 2 g 2 4 4e 2 r RE ) 

For the progeny test to be more accurate than the dam’s own record B 2 
must be larger than 1.0. This condition is satisfied when n > 4 t (n-1) 
(h 2 g 2 + 4e 2 r K E)- For this to be true, n must be larger than 4, even when 
h 2 g 2 and e 2 r EB are extremely small. If e 2 r EE is as large as .25, n cannot 
possibly be large enough to make the progeny test average as reliable as the 
dam’s own performance. 

Equation 2 is pictured graphically in figures 2 and 3. Since four vari- 
ables are involved (treating h 2 g 2 as a single variable and e a r RR as another 
single variable, since each behaves as such in this statement of the prob- 
lem) it seems necessary to select certain reasonable or limiting values of one 
of the four and for this constant value of one variable to show the inter- 
relations of the other three as a curved surface whose height above a base 
is B 2 , 

Figure 2 is designed to show how B 2 varies with n and with h 2 g 2 . The 
upper surface shows the limiting condition (e 2 r BE = zero) most favorable 
to the progeny test. Such a condition would be encountered in actual prac- 
tice when half sisters resemble each other only because they have the same 
dam. Any correlation between half sisters because they are kept under 
similar environment, or are related through their -other parent, or because 
r D D or r n are not zero would have the same kind of effect as giving e a r BB 
a positive value. Some such effects are almost certain to occur in any set 
of actual data, even when such data have been obtained under experimental 
conditions controlled as rigidly as possible. The lower surface in figure 
2 shows B 2 when e 2 r RK = .20. Such a condition would arise whenever unre- 
lated cows in the same herd showed a correlation of 4* .20 just because they 
were managed and tested in the same herd in a population of data coming 
from many herds kept under varying management. Such a value for e 2 ^ 
is roughly consistent with much of the C.T.A. and Official data yet analyzed 
in a way which permits any estimate of e 2 r EE . However the value of e 2 r EE 
naturally will vary from population to population, since it is a description 
of the heterogeneity of the conditions under which different sets of half sis- 
ters are kept. 
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The double line in figure 2 shows a plane parallel to the base at the 
level B 2 = 1.0. Points above this level denote conditions under which the 
progeny test is more accurate than the dam’s own record. When e 2 r EE = 
zero, and h 2 g 2 is as low as .10, the progeny test surpasses the cow's own 
record when n = 5, but n must exceed 0 when h 2 g 2 = .4 and must exceed 11 
when h 2 g 2 = .7. This brings out the important points that the progeny test 



Fig. 2. The relative accuracy of progeny test and the individual ’s own performance 
when the number (n) of offspring in the progeny test varies and for traits which are 
highly hereditary (h 2 g 2 is large) or slightly hereditary (li-g 2 is small). The upper sur- 
face shows this condition when the offspring resemble each other only because they arc 
half-sibs. The surface at e 2 r BB ~ .20 shows the condition when the offspring resemble 
each other enough for other reasons to brmg about a correlation of -I .20 between them 
on that account alone. 

is not very dependable where the daughters resemble each other for other 
reasons than that they are out of the same dam 1 and that the superiority of 
the progeny test over the dam’s own record is most marked where h 2 g 2 is 
smallest, ix., where the characteristic is least hereditary in the narrow sense 

lTkis name point was shown in more detail by the present writer in an article (8) 
directed primarily at how r AQ varies with increasing n. In that article e 2 was used to 
include all the causes for half sisters resembling each other except, that they are by the 
same parent. 
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of that word, and therefore where neither indicator is highly accurate! 
Values of h 2 g 2 less than .10 are not shown in either figure 2 or figure 3. 
For such values B 2 would become very large if e 2 r K u were also very small. 



Flo. 3. The relative accuracy of progeny teat and individual *s own performance for 
three selected values of n (20, 10 and 5) for traits in which the importance of heredity 
varies and for populations in which the other reasons for offspring resembling each other 
vary from zero to a correlation of + .40 between the offspring for other reasons than that 
they are out of the same dam. 

Figure 3 shows how h a g a and e a r EB affect B a for three selected values of 
n (5, 10, and 20), The shading shows the regions where B s rises above 1.0, 
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The limiting effect of e 2 r EB on the accuracy of the progeny test is vividly 
shown in this figure. Only rarely can the accuracy of the progeny test in 
a whole population average as high as that of the parent’s own record, if 
the correlation between herd mates due to herd environment is as high as 
.10 and if h 2 g 2 is as large as .10. 

CONDITIONS WHICH MAY AFFECT THE VALIDITY OF THE SIMPLE 
SOLUTION 

Figures 2 and 3 show the situation when m is one, each daughter is rep- 
resented by one record only, breeding is at random, the sires are of unknown 
breeding value, darns and daughters are produced by the same kind 
of breeding system, and dams are just as representative of their generation 
as daughters are of theirs. Now these conditions will never be fulfilled 
exactly, not even in experimental data. It is important to glance for a 
moment at the way deviations from these conditions will affect figures 2 
and 3, although only deviations from the last condition can alter those 
figures materially in the direction of making the progeny test more reliable. 

When m is more than one — and it usually will be if n is as large as two 
— the dam’s record will be more reliable, in accordance with the formula in 
equation (1). When each daughter is represented by an average of several 
records, the effect is that of increasing li and making the progeny test more 
reliable but this is usually more than offset by the increase in m. Any dam 
who has several daughters, each with more lhan one record, is almost cer- 
tain to have had many records of her own, so that the average number of 
records per daughter will nearly always be less than m. Hence the use of 
an average of all available records will tend to make both indicators more 
reliable but will usually increase that of the dam more than that of the 
progeny. 

Deviations from random mating may be of two kinds so far as they 
affect this problem. First there may be a correlation between the mates 
of a cow, irrespective of whether they are like or unlike her. A positive 
correlation of this kind has the same effect as an increase in e 2 r KE and 
therefore lowers the reliability of the progeny lest. A negative correlation 
of this kind {i.e., some degree of success in deliberately seeing to it that 
each cow was mated both to very good bulls and to an equal number of very 
poor bulls) would increase the accuracy of the progeny test slightly since 
it would eliminate some of the chance existing under truly random breed- 
ing, that one cow would happen to be mated only to good bulls, another 
only to poor bulls, etc. However such a negative correlation cannot be 
high if n is large, because if a cow is mated to three or more bulls those 
bulls cannot each one be exactly opposite to every other one! Moreover 
it is hatd to imagine that such a general negative correlation could exist 
under any circumstances except a breeding experiment where it was made 
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a cardinal point to get from each cow daughters by poor bulls and daugh- 
ters by good bulls. 

The second kind of deviation from random mating would be a general 
correlation between dams and sires so that it would generally be true 
through the whole breed that good cows were usually mated to good bulls, 
poor cows to poor bulls, etc. This could come about either through in- 
breeding or through deliberate assortative mating based on individual per- 
formance or the performance of near relatives. It is not unreasonable, 
either from the genetic principles involved or from the published studies 
of dairy data to suppose that this correlation within dairy breeds might 
well be as large as + .15 or -i* .20. So long as all breeders are working for 
high production, this correlation could hardly rise much above \ .25 or 4 .30 
without the practice of extreme inbreeding. The effect of such a general 
resemblance between sire and dam would be to increase the accuracy of the 
progeny test slightly, since each offspring would then tend to be like the 
dam, not only because of receiving half its inheritance from her but also 
because the other half of its inheritance came from a sire wdiose inheritance 
was more like that of the dam than if lie had been chosen at random from 
all sires of the breed. A general correlation of f .25 between the genotypes 
of sires and dams would modify equation 2 enough that the progeny test 
might possibly be more accurate than the dam’s own record while n is as 
small as 3, but this would be true only if e 2 r RR were zero and h 2 g 2 were very 
small, and there were no other correlation between sires. Since it is not 
often that all three of these conditions will be fulfilled, it seems unlikely 
that such deviations from random mating as exist in actual dairy cattle 
populations will often alter figures 2 and 3 enough to make the progeny 
test in a whole population average as accurate as the cow ’s own record when 
the cow has as few as four daughters. It should be mentioned that 
in plants where self-fertilization is possible, the resultant perfect correlation 
between genotypes of sire and dam is quite attainable and makes it possible 
for a progeny test based on as few as two offspring to be as accurate as the 
parent's own record. This is doubtless the most important fundamental 
reason that plant breeders make so much use of the progeny test, particu- 
larly when working with self-fertilized organisms like wheat. 

Sometimes the merits of the different sires will be partly known. If 
their genotypes were perfectly known and there were no correlation between 
sires and dams, formula 2 would become : 


4i(n-2)hVM4(n-I)e 2 r EE 

Thus even such extreme knowledge as this would have but a trifling effect 
on figures 2 and 3. If mating is not at random, such information about the 
sires is quite useful in that it would cancel and prevent errors which would 
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otherwise be introduced by any such correlation between sires as that dis- 
cussed in the next to the last paragraph. Knowledge of the sires therefore 
prevents a correlation between sires from causing the accuracy of the 
progeny test to fall far below the levels pictured in figures 2 and 3, but can- 
not of itself raise those levels much higher than is shown. If there is a 
general correlation between sires and dams and the merit of the sires is 
known from other evidence, then such knowledge will help to predict the 
dam’s genotype but such help is because of that direct correlation between 
the genotypes of sire and dam, and not because of evidence from the prog- 
eny themselves. 

Where dam and daughters have been produced by different breeding 
systems, the values of g for dam and daughter may not be identical and 
hence will not cancel out of equation 1 as has been assumed so far. The 
most extreme example of this, so far as concerns dominance, would be the 
case where the progeny test is conducted by breeding the cows to homozy- 
gous recessive bulls. In such a case the deceiving effects of dominance 
would become zero for the daughters and a correspondingly higher percent- 
age of the total variance among them than among the dams would be truly 
genetic in the narrow sense of that word. Naturally such a test could not 
be made for a cow on account of her short life and limited reproductive- 
ness, but a corresponding test of a bull might be practical if the informa- 
tion gained were worth the cost of getting it. However dominance is 
usually only a minor cause for actual records deviating from breeding 
value. The assembling and maintaining of a herd of recessive cows for such 
tests would be expensive, even if possible at all. Moreover such a plan does 
not appear to offer any help for avoiding deception by epistatic effects. 
These considerations make it seem quite unlikely that such a testing plan 
would often yield information worth the cost of getting it. If the sire and 
dam belonged to different breeds, there would be increased probability of 
important misleading epistatic effects which would probably preclude using 
for testers individuals of a breed developed for other purposes, as for exam- 
ple the use of beef -bred cows for testing the breeding value of a dairy bull 
for milk and fat production. 

Some of the most brilliant research in genetics, particularly in the 
genetics of Drosophila and of maize, owes its success to the devising and 
use of tester strains so designed as to eliminate (except for Mendel ian sam- 
pling errors) the effects not only of dominance but also of epistatic interac- 
tions, thus making the truly genetic portion of the variance (h 2 g 2 ) among 
the offspring much higher than was the case among their parents. How- 
ever the devising of such a tester strain has for its prerequisite a reasonably 
accurate hypothesis as to the number and kind of genes involved and (at 
least so far as concerns epistasis) of the precise way in which the effect of 
the gene combination differs from the sum of the average separate effects 
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of the genes concerned. The limited reproductive rate of farm animals, 
their comparatively long interval between generations and their expensive- 
ness make it well nigh a lifetime’s work to create such a tester strain, even 
if the investigator were wise enough or lucky enough to have chosen the 
correct working hypothesis at his first attempt and even if the genetic situa- 
tion were simple. Hence it appears unlikely that much use can be made 
of such tester strains in the breeding of farm animals, however useful and 
even necessary such tester strains may be in research on fundamental prin- 
ciples of genetics. 

The assumption that daughter and dam are equally representative of 
their generation and that their records were selected by methods equally 
fair to both will often be untrue especially in semi-commercial data, and is 
the only one of these assumptions likely ever to be important enough in a 
whole population to make much change in figures 2 and 3. The effect of 
such differences between daughters and dams is to make h in figure 1 un- 
equal to h p . If they are unequal these two terms cannot be cancelled out 
of equation 1 as has been inferred hitherto. 

If but one record is used to represent each animal and if that record is 
selected on some such ex post facto basis as the choice of the highest record 
after having seen them all, such a selection deliberately picks out that rec- 
ord made under the most favorable combination of unknown conditions of 
environment and health. Such selection automatically tends to give to the 
cow having many lactations a figure less truly representative of her pheno- 
typic producing ability than would be the case with a cow which had but 
one or two lactations from among which to select. Since the dam usually 
has more records than the daughter, the net result is to make the dam’s 
record usually less typical of her than the daughter’s record is typical of 
her. This tends to make the progeny test more accurate than is pictured 
in figures 2 and 3. It should be pointed out that this eoipes not from any 
intrinsic superiority of the progeny test, but rather from the bias intro- 
duced by the choice of records where variable numbers are available. 
Studies of the actual correlations between records of the same cow in dif- 
ferent lactations in the same herd have generally given values ranging from 
about 4 - .30 to 4 - .60. Correlations as low as this give ample room for selec- 
tions of the largest record for each cow to cause such selected records to 
deviate far from each cow’s phenotype, especially if some cows have only 
one or two records and others have 4 or 5, from among which to select. 

Probably more generally important is the fact that the dams are often 
a, more highly selected group than the daughters are. Usually all of the 
progeny which were tested at all are included in the progeny test. If they 
were very poor producers, they may have been culled shortly afterward but 
their records remain for use in the progeny test. The conditions may be 
.quite otherwise among the dams. Not all cows which are tested succeed 
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themselves in becoming dams of tested daughters. The dams being studied 
in any particular set of data are to some extent only the more favored sur- 
vivors from among the group tested contemporarily with them. In study- 
ing correlations between the records of those dams and any measure of the 
subsequent performance of their progeny, one is by no means making a 
comparison between phenotypic and genotypic manifestations of produc- 
tion. Instead lie is comparing the utility of those phenotypic differences 
still remaining among the dams after this selection has been practiced, with 
the utility of various averages of phenotypic differences among the less 
highly selected group of daughters. This seems to be a major part of the 
explanation for the practical findings of J nil (6, 7) and Copeland (1) that 
the ancestor's production record is of relatively limited value in breeding 
selections. In Jull’s data all birds which laid less than 200 eggs were culled 
before they had a chance to become dams. What would have happened, if 
all hens or a strictly random sample of those hatched in each generation 
had been progeny-tested, of course can only be surmised. Copeland’s data 
came from many herds and at various dates, so that selection was not by 
such uniform rules as in Jull’s experimental data. Nevertheless Cope- 
land’s tables 1 and 5 show that there had been stronger selection among the 
dams than among either their daughters or granddaughters, else the ex- 
treme regression (about 50 to 70 pounds of fat) from the dams’ average to 
the daughters’ and granddaughters’ averages would not have occurred. 

Naturally such studies as those of Jull and Copeland (many others 
might be mentioned but these two are selected as typical of the more care- 
ful among recent ones) correspond closely to the conditions practical 
breeders actually face. Depending on the amount of selection involved and 
on how highly hereditary the trait really is, it may sometimes be true that 
such variation as remains among a highly selected group of dams may be 
less useful as an indication of the hereditary differences between those dams 
than the variation which exists among the relatively unselected daughters 
of those dams, even when there are as few as two daughters per dam. The 
point to be made here is that when this actually is the case, it is not because 
of any inherent biological superiority of the progeny test but rather it is 
because in the case of the dams we are comparing what further selection 
could do among a group of survivors on which considerable selection has 
already been practiced, with all which selection could do among a group of 
daughters where very little selection has yet been practiced. The practical 
utility of such comparisons is beyond argument for the breeder who must 
actually use, in some combination or other, some data from the more heav- 
ily selected population and some data from the less selected population. 
There is, however, some danger of confusion as to the utility of the initial 
selections in the populations from which the dams first come, if such 
studies are interpreted as meaning that an individual’s own record is in- 
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herently less representative of its breeding value than the average records 
of as few as two or three of its offspring. 

GENERAL CONSIDERATIONS AND DISCUSSION 

The general conclusion to be drawn from all these considerations is that 
only under rare and unlikely combinations of conditions would a progeny 
test based on as few as four-daughters-average in an unseleeted population 
as accurate an indicator of a dam’s breeding value as the dam’s own per- 
formance. If the trait is highly hereditary, in the narrow sense of that 
word, or if the progeny resemble each other very much for reasons of hav- 
ing been exposed to a common environment, many more than four daugh- 
ters may be required or it may even be quite impossible for the progeny 
test to average more accurate in a whole population than the dam’s own 
performance, no matter how many daughters there are. 

The superiority of the progeny test is greatest for traits which are least 
hereditary in the narrow sense of that word. For traits which are very 
faintly hereditary and for which the offspring do not resemble each other 
for reasons of having been under common environment, the progeny test 
can become several times as accurate as the dam’s own record, but for that 
to be true the trait must be so slightly hereditary that neither indicator 
can be highly accurate ! 

The progeny test is needed most where one sex cannot express the trait, 
as in milk and fat production in dairy cattle, egg production in poultry, 
prolificacy in swine, etc. Since the biometrical relations between sire’s 
genotype and progeny average are the same as those between dam’s geno- 
type and progeny average (except for sex-linked inheritance which must be 
a small part of the total inheritance in mammals) the foregoing considera- 
tions apply also to the progeny test of the sire. However, for traits which 
the sire cannot express himself, there is nothing but a pedigree estimate of 
the sire against which to compare the accuracy of a progeny test of him. 
Since a progeny test surpasses even the best pedigree estimate when there 
are more than three progeny (provided the offspring do not resemble each 
other very much for any other reason except that they are by the same 
sire), the progeny test in such cases is much more useful and more urgently 
needed for the sire than for the dam. However such progeny tests will 
rarely tell as much about the sire as the available information correctly 
used will tell about a dam of nearly equal age. Enthusiasm over some such 
slogan as the current one that ‘ ‘ The next best thing to a proved sire is the 
son of a proved sire” should not cause us to forget that such a son is one 
generation of Mendelian segregation away from this sire and that half of 
his inheritance (a little more than half if the probably small amount of 
sex-linked inheritance in mammals is also considered) comes from his dam 
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whose breeding value may usually be estimated more closely than that of 
his proved sire, if the available information is fully and fairly used. 

Although the progeny test will not often be superior to the dam's own 
record (where no differences of selection are involved), it will be noticed 
from equation 2 that B = .5 even when n and rn are only one. Therefore 
even the most fragmentary progeny test is worth much as an indicator of 
the dam's genotype. Naturally, as in any other prediction, both indicators 
should be used where both are available. The principles of multiple corre- 
lation govern the amount of attention to be paid to each indicator where 
both are used. However the formulae for the relative amount of attention 
to be given to the two records are not only complex but also involve a term 
(which is usually indeterminable) for the degree to which the dam's record 
and her daughters' records resemble each other because of being made 
under common environment. The ratio between the standard regression 
coefficients will be in the same direction from unity as is the ratio between 
the primary correlations (B in the earlier algebraic discussion) but will be 
more extreme. Perhaps as good an approximate rule as any would be to 
give a daughter's production nearly half as much attention as the cow's 
own record where there is only one record for each, but to give between 
$ and £ as much attention to the daughter average as to the cow's own rec- 
ord where there are at least two or three offspring. This rule would be 
approximately correct if daughters and dams had been equally selected 
from their generations. Where the dams have already been highly 
selected, more importance than this should be given to the progeny test in 
making further selections but it does not seem possible to develop any sim- 
ple general rule for this, since such a rule 'would include terms for the 
intensity of selection among dams and among daughters and also a term 
for the extent to which the trait is really hereditary. 

In actual practice selection will also be based in part on pedigree. 
Chronologically pedigree becomes available first, then the individual's own 
performance and the progeny test comes latest. As some selection is prac- 
ticed on each basis, the possibilities of further gains by additional selec- 
tions on the same basis rapidly diminish unless, new information becomes 
available. The sampling nature of Mendel ian inheritance sets a lower 
limit on the usefulness of pedigree than is inherently necessary for either 
of the other two bases of selection. Hence the very early selections on the 
basis of pedigree come near exhausting the possibilities in that direction, 
although increased knowledge of the performance of parents and other 
ancestors or collateral relatives does make it profitable occasionally to re- 
vise an earlier pedigree estimate. On the other hand, knowledge of the 
individual's own performance can continue to increase at a practically im- 
portant rate as long as it lives and knowledge of its progeny can increase 
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as long as previously untested progeny come on test and (at a slower rate) 
as long as progeny already tested continue to be tested at later ages. 

This leads to the general picture that pedigree occupies first place only 
for such selections as must be made before the other two criteria are avail- 
able. It is very distinctly in third place after a few such early selections 
have been made. Individual performance occupies first, place after it be- 
comes available and until considerable use has been made of it. Then 
progeny test is the most useful basis for further selections but when it is 
much used for such selections, the possibilities in that tend to be exhausted 
and the individual’s own performance might again assume first place. 
Among mature animals under practical conditions individual performance 
and progeny test therefore will vary or alternate as most useful for further 
selections, according to the amount of new knowledge becoming available 
about each and according to how nearly the possibilities for selection on the 
basis of the existing knowledge about each have already been exhausted. 

SUMMARY 

1. The biometrical relations governing the relative accuracy of progeny 
test and of the parent’s own performance as indicators of the parent’s 
breeding value are presented and discussed. 

2. A solution under the simplest conditions is presented algebraically 
and graphically. Under those conditions there must be at least five off- 
spring before the progeny test in a whole population will usually be a more 
accurate indicator of the parent’s breeding value than the parent’s own 
performance. 

3. Most deviations from those simplest conditions have only slight effects 
on the solution. However any general resemblance between the offspring 
for any other reason than that they are half-sibs through the parent in 
question sets serious limits on the accuracy of the progeny test. On the 
other hand if the parents or the records used to represent them are more 
highly selected than the offspring or their records, the progeny test may 
become relatively more accurate than under the simple conditions for which 
the algebraic solution is given. 

4. The progeny test is needed most for traits which cannot be expressed 
in one sex and for traits which are but slightly hereditary. 

5. The bases for estimating breeding value are pedigree, own perform- 
ance, and progeny test. As fast as some selection is practiced on one of 
these bases, the possibilities for further progress by additional selection on 
the same basis rapidly diminish and correspondingly increased attention 
should be given to one of the other bases. 
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ELECTROKINETICS IN RELATION TO DAIRY PHENOMENA. 

1. THEORY AND METHOD 

G. C. NORTH and H. H. SOMMER 
Department of Dairy Industry, University of Wisconsin 

For a long time it has been known that a number of dairy phenomena 
depend upon the coalescence or non-coalescence of the fat globules. Such 
dairy problems as the creaming of milk, the viscosity of cream and tendency 
to form cream plugs, the tendency of bottled cream to show a skim milk 
layer and the whipping ability of ice cream mixes are at present definitely 
known to involve the clustering of fat globules. 

In the past a considerable amount of experimental work has been done 
on the practical factors that influence the above mentioned phenomena. 
Such studies, while of great value and importance, do not reveal the funda- 
mental factor or factors that are operative. 

Within recent years, it has been suggested by several investigators that 
the electrical effects at the fat-skim milk interface may be the governing 
factor, or at least one of the important factors in the behavior of milk fat 
globules under various conditions. With this suggestion in mind the pres- 
ent investigation was carried on. 

1. HISTORICAL 

Up to the present time, the literature concerning the electrical potential 
at the surface of the fat globule of cow’s milk is very meager. Various 
references refer to such a charge, but most citations have been made purely 
on a speculative basis. However, a few references based on experimental 
work are available in the literature. 

Sirks (28) in 1924 made a few observations on the electric charge of the 
fat globules. He concluded, from his preliminary work that tin* charge 
on the fat globule was of a low order of magnitude, and he was unable to 
correlate the charge with any dairy phenomena. 

Mommsen (22) in 1929, using cataplioretic means, investigated the 
charge on the surface of the fat globule of cow’s and woman’s milk. He 
concluded that the fat globules of milk are normally negatively charged, 
in that they migrate in the direction of the anode When placed in an elec- 
trical field. Two experimental methods were used : first, the migration in 
“U” tubes was noted, and second, the pH was determined at which the 
iso-electric point was established in buffer mixtures. 

Beceived for publication September 18, 1934. 
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He found that the normal iso-electric point of the fat globule for cream 
diluted 1 : 100 was established at a pH of 4.17. While calcium ions added 
in the form of calcium chloride caused the iso-electric point to be raised. 
The addition of Ringer’s solution to the buffer mixture caused the iso- 
electric point to be shifted to the acid side of pH 4.37. Additions of gelatin 
caused a shift to the iso-electric point of gelatin. This shift, he points out, 
was more evident with increasing concentrations of gelatin. The iso- 
electric point of the fat globules of human milk was found to. be on the 
acid side of pH 4.37. This agrees with the recent work of Nugent (23) who 
found the iso-electric point of pH 4.1. 

Prieger (27) has used eataphoretic means to study the nature of the 
hull surrounding the fat globule; her results, as in the case of Mommsen, 
are expressed in terms of the pH of the iso-electric point. She points out 
that the iso-electric point of artificial protein-free fat emulsions is more 
on the acid than is the case witli the natural fat globules in milk. Because 
of this difference of hydrogen-ion concentration necessary to establish the 
iso-electric point she concludes that the natural fat globules of milk are sur- 
rounded by protein-like films, while the protein free artificial fat emulsion 
displays the true charge of the fat globule. 

That the fat globules are surrounded by a layer of protein material, is 
in agreement with the findings of Titus, Sommer, and Hart (31) who 
arrived at the above conclusions by determining the nitrogen distribution 
of the fat “ bulls” that were obtained by washing the fat globules. Hattori 
(15) (16) is of the opinion that the composition of the fat “hulls” is 
different from any of the other known proteins. Palmer and Wiese (32) 
have also investigated the “hull” material arid conclude that it is composed 
of a mixture of protein and phospholipides. 

Mohr and Brochmann (21), also using eataphoretic methods, have re- 
cently investigated the charge on the fat globule. These workers found a 
relationship between the churning ability <Yf the cream and the charge on 
the fat globules., They did not, however, find any appreciable effect of 
such treatments as heating or homogenization on the pH of the iso-electric 
point. Neither did the addition of emplsifiers have any effect. They found 
that the iso-electric point of pure butter fat emulsions was more on the acid 
side than that of the fat emulsion in normal milk. 

• II. THEORY 

The fact that colloidal systems, when placed in an electrical Held, show 
the phenomenon known as cataphoresis was first firmly established by 
Linder and Picton (19) in 1892. Hardy in 1900 (13) noted that a sus- 
pension of egg albumin was positively charged (migrated to the cathode) 
in acid solution ; but when placed in an alkaline solution it was negatively 
charged. In both cases the suspensions were stable, but when no migration 
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took place flocculation resulted. The same phenomenon was later observed 
by Burton (2). 

As a result of eataphoresis experiments, Hardy (13) expressed the 
opinion that the presence of an electrical charge on the surface of a particle 
was an important factor governing its stability, since like charges on the 
particles would tend to keep the particles apart because of their mutual re- 
pulsion, and at the iso-electric point flocculation would occur. Powis (26) 
later pointed out that it was not necessary to bring the charge down to zero 
but only to a certain low order of magnitude (which he calls the critical 
potential) in order to bring about flocculation. 

From such investigations as these, it has become quite generally accepted 
that the electrical charge is an important factor in the stability of colloidal 
systems. 

However, it should be pointed out that in the case of one type of colloids 
kno\Vn as emulsoids, there is an additional factor that must be considered. 
This factor is called by some the hydration of the particle. In order for 
flocculation of such a system to take place, it is necessary that both the 
electrical charge and the hydration factors be overcome or removed. In the 
case of emulsions a third factor, that of the emulsifying agent ; must also be 
considered. 

The original conception of Helmholtz (17) that the electrical charges 
existed in the form of a double layer, has been modified by Gouy (9) in 
that the charges constitute an ionic atmosphere. Such an “ atmosphere' ’ 
is not fixed but movable; the charged particle is free to move under the 
influence of an applied electromotive force, in eataphoresis we are con- 
cerned with the movement of particles suspended in a liquid under the in- 
fluence of an applied potential. Streaming potentials refer to the E.M.F. 
set up by the movement of a liquid past a wall. Both types of electrokinetic 
phenomena are mathematically related. 

Perrin (25), Briggs and Gortner (1) have derived the following ex- 
pression of the streaming potential : 

5 - zeta potential 
H = observed E.M.F. 

K B = specific conductivity 

N = viscosity 
P - applied pressure 
D = dielectric constant 

It has recently been argued by Delbye and Iliickel (3) that for a spher- 
ical particle the factor in the above equation should be six instead of four. 

Kruyt (18) and Freundlich (7) have reported results of experimental 
work on the streaming of liquids through capillary glass tubes. The liquid 
was forced through under a measured hydrostatic pressure and the electro- 
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motive force that was set up was measured by suitable means. Their find- 
ings show that the observed electromotive force was independent of the 
cross section area or length of the tube. For a given liquid the E.M.F. that 
was set up was proportional to the applied pressure. However, they found 
that this value varied with the kind of glass that was used, but that the ob- 
served potential was constant for all shapes and sizes of tubes that were 
prepared from the same kind of glass. 

Later Gee and Harrison (8) and Harrison (14) used the streaming 
potential method in developing their electrical theory of dyeing. They 
determined the potential of silk, wool and cotton against solutions of various 
electrolytes and dyestuffs. Fibers were packed in a cell between platinum 
electrodes and the E.M.F. that was set up when the liquid was forced 
through this diaphragm was measured. 

Their findings show that acids increased the charge of positively charged 
fibers and decreased it on negatively charged fiber. All acids had the same 
effect, when the hydrogen-ion concentration was the same. Bases acted ex- 
actly opposite to that of acids. When an electrolyte containing polyvalent 
ions of opposite sign to that of the fiber was added, the charge was lowered, 
while in some cases it was even possible to reverse the sign. 

Recently Briggs and Gortner (1) have used the streaming potential 
method for determining the potential existing at the cellulose-water inter- 
face. Gortner and his students (11) (12) have used the method exten- 
sively in studying the properties of the interface, including molecular con- 
figuration. Their method consists of forcing water, under a measured 
hydrostatic pressure, through a diaphragm of cellulose that is held in place 
by two perforated gold electrodes. In order to overcome the effects of 
polarization a quadrant electrometer was used. 

It was pointed put, that for accurate measurements it is necessary to 
measure the specific conductivity of the liquid while it is in the diaphragm 
because “surface conductance” is quite an important factor in such electro- 
kinetic studies. 


m. DEVELOPMENT OF METHOD 

Preliminary experimental work was carried on by a number of cata- 
phoretic methods. However, these methods failed to give satisfactory re- 
sults and were therefore discarded. 

After a consideration of various other methods, it was decided to use, if 
possible, a cell similar to that used by Briggs and Gortner (1) in their 
studies on the electrokinetic potential at the cellulose-water interface. In 
their method, a liquid was forced through a diaphragm of cellulose that was 
held in place by two perforated electrodes. It was thought that such a cell 
could be constructed in which cream could be placed (being kept within 
the electrodes by a fine grade of filter paper) and skim milk could be forced 
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through, and any potential that might be established could be measured by 
suitable means. This method likewise proved very unsatisfactory. After 
a short time the filter paper would become clogged, thus preventing any 
streaming of the liquid. 

Upon a suggestion of Gortner (10), it was thought possible to force the 
skim milk through a small hole in an electrode that was sealed in the end 
of a glass tube. A fine stream of skim milk could therefore be made to im- 
pinge upon another electrode that would serve as a target. The space in 
the immediate vicinity could then be filled with melted butter oil. Such a 
method, would in reality be the same as forcing skim milk through a fine 
‘ 4 butter oil” capillary. Such a cell was constructed and a considerable 
amount of work carried on with it. However, it had the disadvantage of 
only being able to make measurements at comparative high temperatures, 
since it was essential that the butter oil be kept in the liquid state. Fur- 
ther, such an apparatus did not allow for complete adsorption of the milk 
colloids and salts at the interface and therefore the conditions were not 
identical with that of the normal fat globules as they exist in milk. Some 
difficulty also was experienced in keeping the pressure uniform. 



Figure 1 
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To facilitate adsorption at the fat-liquid interface a special streaming 
potential cell was developed. A sketch of the apparatus is shown in figure 
1. The capillary was formed by placing a fine, long needle through two 
platinum electrodes that were sealed in a heavy glass tube. The chamber 
(2) was then filled with melted butter oil which was then chilled to solidify 
it By carefully removing the needle a butter oil capillary was thus 
^formed. The capillary and chambers 1 and 3 were then filled with skim 
milk to allow for adsorption of the milk colloids to take place. After fifteen 
minutes the excess skim milk was removed by passing a stream of conduc- 
tivity water through the cell. The preparation of the cell and the actual 
streaming potential measurements were made at a constant temperature by 
circulating water from a bath through the outer jacket. 

In solutions which possess considerable conductivity the charge is partly 
neutralized ; diluted solutions were therefore used. The sample which was 
to be subjected to streaming potential measurement was prepared by plac- 
ing 10 cc. of a 1 to .1,000 dilution of skim milk in conductivity water, in 
Wolff bottle (A). To this, 100 cc. of conductivity water were added from 
reservoir (B). Air was now T passed through wash bottles containing sul- 
phuric acid (D), sodium hydroxide (E and F) and water (G), and ad- 
mitted into bottle (A). This washed air was bubbled through the sample 
fifteen minutes to mix it, to remove any dissolved earbon dioxide, and to 
replace the air in the bottle. A controlled vacuum was then applied to 
draw the .sample through the butter dll capillary. After passing through 
the capillary the liquid was collected in bottle (H). While liquid was 
being withdrawn from bottle A, air was admitted through a soda lime trap 
(C) rather than through the wash bottles so that the hydrostatic pressure 
could be accurately measured. The vacuum was regulated by the valve (1) 
and measured by manometer (J). Readings were taken at several different 
pressures to check the accuracy. 

A sketch of the electrical apparatus used for measuring the potential 
and conductivity is shown in figure 2. The electromotive force (electrical 
leads marked X ) that was set up at the ends of the capillary by the stream- 
ing liquid was measured by a type K-2 Leeds & Northrup potentiometer 
(P) and a carefully shielded Compton electrometer (E). In this pro- 
cedure the potentiometer was first adjusted by balancing the standard cell 
(S.C.) against a two volt storage battery by means of the rheostat pro- 
vided for that purpose. After this the galvanometer (G) was shorted out 
by means of switch (S4). Any desired voltage could then be taken from 
the potentiometer and opposed to the potential to be measured. With the 
electrometer (E) in the circuit of the unknown potential, the potentiometer 
voltage was varied until the electrometer indicated that the unknown poten- 
tial had been exactly balanced. The potentiometer reading thus indicated 
th^ unknown potential. By using the electrometer as the null point instru- 
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ment polarization effects are eliminated or reduced to insignificance. The 
switches (S x and S 2 ) were provided for reversing the quadrants of the elec- 
trometer, and the poles of the cell respectively. 

The conductivity measurements were made by means of the conventional 
Wheatstone-bridge method. To permit rapid switching from potential 
measurements to conductivity measurements the electrical leads X from the 
cell were connected to the switch (S 3 ). The high frequency current of one 
thousand cycles was produced by the microphone hummer (H) ; (Br) was 
a drum type Wheatstone bridge, (It) variable resistance and (T) the 
tunable telephones. 



Figure 2 


It will be noted that the results are not expressed in terms of the final 
zeta potential but as values of Hk s /P (the observed electromotive force 
times the specific conductivity divided by the applied hydrostatic pressure). 
This expression was used since the remainder of the equation for calculat- 
ing the zeta potential should be practically constant when such dilute solu- 
tions are used. However, it must be conceded, that in measurements made 
at lower temperatures, a slight error arises due to increased viscosity. 
Furthermore, since the values of the other terms of the equation for the 
solutions used were not accurately known, it was deemed advisable to 
express the results in terms of the above three mentioned variables. 

Where hydrogen-ion concentrations were to be measured a Clark elec- 
trode vessel was used. To exclude carbon dioxide of the air, the vessel was 
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filled in the following manner: The funnel was closed with a two-holed 
rubber stopper which provided a vacuum connection and a connection to 
bottle (A). Hydrogen was passed through the vessel, through the funnel 
and the rubber tubing to replace all air. Suction was then applied to draw 
a suitable portion of sample into the funnel. By proper manipulation of 
the stop-cocks this sample was allowed to flow into the vessel and the excess 
hydrogen was allowed to escape at the opposite end. With the hydrogen in 
the vessel at atmospheric pressure, the vessel was shaken in the usual man- 
ner to establish equilibrium. 

With highly dilute and poorly buffered solutions the usual potenti- 
ometric measurement leads to inaccurate results on account of the polariza- 
tion involved in attaining the point of balance. This was avoided by using 
the same procedure for measuring this potential as has already been 
described for measuring the streaming potential. 

IV. EXPERIMENTAL 

The butter oil that was used in all of the experiments was prepared from 
unsalted, sweet cream butter taken directly from the churn. It was melted 
at approximately 45° C. to 50° C., care being taken never to heat it beyond 
the above mentioned temperatures. The curd was then allowed to settle to 
the bottom of the container and the oil was filtered twice through a standard 
grade of filter paper. 

The skim milk was taken from the power separator in the University 
Creamery. All of the skim milk was diluted with one thousand parts of 
conductivity water. 

Table 1 and figure 3 show the relationship between the applied hydro- 
static pressure and the electromotive force that was set up. Theoretically 
these points should fail in a straight line, and as can be noted the points 
tend to form (within experimental error) a straight line*. 

In an effort to determine whether the charge was that of the fat plus 
the adsorbed proteins or just the fat, an experiment was run first measur- 
ing the potential at the fat-liquid interface. The capillary was then allowed 


TABLE 1 

Showing relation between pressure and electromotive force 


PRESSURE 

E .te.T. 

h/j* 

mm* 

millivolts 

(-) 

111 

480 

4,3 

147 

650 

4.4 

180 

800 

4.4 

220 

950 

4.3 

294 

1280 

4.3 

333 

1400 

4.3 

418 

' 


4.3 
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to stand in contact with skim milk for a period of fifteen minutes, the 
unadsorbed material washed away, and the potential determined. The 
results are shown in table 2. 

It was desired to determine the eleetrokinetic potential of samples of 
individual skim milk. The results are shown in table 3. As will be noted, 
the potential is negative and there is some variation even in mixed samples. 

In order to make a comparison of the iso-electric points with those 
reported in the literature, that were determined by other methods, the 



Pressure in Cm. 

Figure 3 

hydrogen-ion concentration at the point of zero potential was determined. 
The results are shown in table 4 and figure 4. It will be noted that the 
iso-electric point was found to be at approximately pH 4.3. 

Tables 5 to 10 inclusive, and figures 5 and 6, show the effect of various 
salts on the magnitude of the electrical potential. It will be noted that the 
first four salts are all chlorides and that the valence of the other ion 
increases from one to four. The last two salts used contain the citrate 
and phosphate radical, respectively. The chloride salts tended to reduce 
the charge depending on the valence of the other ion. On the other hand, 
citrates and phosphates increased the already negative charge. 
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TABLE 2 

'Potentials at the fat ‘liquid interface compared with the fat -milk qolloid -liquid inter fa 

SERIES NO. 1 * 



PRESSURE 

E.M.F. 

H/P 

K, X 10"* 

HK*/P X 1Q+* 


mm. 

millivolts 


Mhos 

(-) 

Fat-liquid 

147 

600 

4.0 

1.36 

6.04 

interface 

180 

750 

4.1 




220 

900 

4.0 



Fat-milk 

147 

380 

2.5 

1.90 

4.75 

colloid-liquid 

180 

450 

2.5 



interface 

220 

600 - 

i 

2.5 




SERIES NO. 2 



PRESSURE 

E.M.F. 

H/P 

K n X 10"° 

HK g /P X 10 +# 


mm. 

millivolts 


Mhos 

(-> 

Fat-liquid 

147 

990 

6.0 

1.41 

8.60 

interface 

180 

1100 

6.1 

1 



220 

1400 

6.3 



Fat-milk 

147 

GOO 

4.0 

2.01 

7.84 

colloid-liquid 

180 

700 

3.8 



interface 

220 

850 

3.8 




TABLE 3 

Electrokinetic potentials of various skim milks from individual cows 


SAMPLE 

PRESSURE 

E.M.F. 

H/P 

K, X 10-* 

HK./P X 10 +o 


mm. 

millivolts 


Mhos 

<-> 


147 

650 

4.4 

1.89 

8.13 

No. 1 

180 

800 

4.4 




220 

900 

4.0 




147 

365 

2.4 

2,11 

5.48 

No. 2 

180 

470 

2.6 




220 

600 

2.7 




147 

475 

3.2 

1.95 | 

6.04 

No. 3 

180 

600 

3.3 

1 



220 

660 

3.0 




147 

600 

4.0 

1.90 

7.41 

No. 4 

180 

720 

4.0 




220 

850 

3.8 




! 147 

450 

3.0 

2.03 

6.29 

No. 5 

180 

570 

3.1 




220 

690 

3.1 




147 

510 

3.4 

1.96 

6.84 

No. 6 

180 

630 

3.5 




220 

750 

3.4 




147 

600 

4.0 

1.91 

7.45 

No. 7 

180 

700 

3.8 

i 

; 



220 

875 

3.9 




147 

390 

2.6 

2.10 

5.67 

No. 8 

180 

490 

2.7 




220 

600 

2.7 ' 
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Table 11 and figure 7 show the effect of temperature on the potential. 
It will be noted that almost a straight line function exists between the 
electrokin etic potential and the temperature of the measurement. 



Figure 4 
V. DISCUSSION 

The experimental data reported here show that the potential at the fat- 
liquid interface is negative, and that it is slightly less negative after oppor- 
tunity and time have been provided for the adsorption of milk colloids at 
the interface (Table 2). These results are in harmony with the findings 
of previous workers; the negative potential or charge on fat globules has 
been reported by several investigators (22, 27, 21) ; the effect of adsorbed 
milk colloids is indicated by the work of Prieger (27). Prieger determined 
the iso-electric point of fat globules in fat-water and fat-skim milk emul- 
sions. She found that a lower pH was required to attain the iso-electric 
point in the fat-water emulsions than in the fat-skim milk emulsions. 

It has been known for some time through cataphoresis experiments that 
a negative charge exists at the interface when oil drops are suspended in 
pure water. Since pure water contains only hydrogen and hydroxyl ions, 
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TABLE 5 

Effect of potassium chloride 


CONC. 

PRESSURE 

E.M.F. 

U/P 

K„ x 10 6 

HK„/P X 10** 

NxlO 4 

mm. 

millivolts 


Mhos 

(-) 


147 

445 

3.0 

1.20 

3.60 

0.0 

180 

520 

2.8 




220 

650 

2.9 




147 

470 

3.2' 

1.25 

4.00 

0.5 

180 

560 

3.1 

i 


: 

220 

700 

3.1 




147 

500 

3.4 

1.31 

4.32 

1.0 

180 

600 

3.3 




220 

725 , 

3.3 




147 

450 

3.0 

1.37 

5.11 

2.0 

180 

550 

3.0 




220 

685 

3.1 




147 

400 

2.7 

1.96 

5.29 

4.0 

180 

490 

2.7 




220 

575 

2.6 




147 

300 

2.0 

2.1 

4.2 

6.0 

180 

360 

2.0 




220 

| 450 

2*0 
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TABLE 6 

Effect of calcium chloride 


CON 0. 

PRESSURE 

E.M.F. 

ii/p 

K 8 X 10- e 

HK,/P X 10 +B 

N x 10* 

WWi. 

millivolts 


Mhos 

(-) 


147 

450 

3.2 

1.11 

3.50 

0.0 

180 

575 

3.2 




220 

700 

3.1 




147 

385 

2.0 

1.23 

3.07 

0.5 

180 

450 

2.5 




220 

550 

2.5 




147 

200 

1.0 

1.29 

2.45 

1.0 

180 

330 

1.8 




220 

430 

1.9 i 


i 


147 


0.5 ] 

o 

1.39 

2.0 

180 

| no 

0.0 


i 


220 

' 140 

! o.o 


[ 


147 

60 

1 0.4 

2.98 

1 1.19 

4.0 

180 

80 

0.4 

i 



220 

I 90 

0.4 


1 


147 

30 

0.2 

3.37 

1.01 

0.0 

180 

70 

0.3 




220 

80 

0.3 




TABLE 7 

Effect of feme chloiulc 


conl\ 

PRESSURE 

E.M.F. | 

U/i' I 

K, X 1(H 

HK,/P a 1 

N x 1 0* 

mm. 

millivolts '< 

1 

j 

Mhos 

(-) 


147 

500 i 

3.4 ; 

0.90 

3.30 

0,0 

180 

030 ; 

3.5 i 




220 

775 1 

3 5 ' 




147 

4oo ; 

2.7 j 

1.05 

2.83 

0.5 

180 

480 

2.0 1 




220 

(500 . 

2.7 



1 

147 ! 

300 

2.0 

1.18 

2.30 

1.0 

180 

370 

2.0 




220 

450 

2.0 i 




147 

250 ! 

1.7 : 

1 22 

2.07 

2.0 

180 

300 

1.6 1 




220 

375 

1.7 | 




147 

220 

1.5 

1.28 

1.92 

4.0 . 

180 

275 

1.5 




220 

350 

1.6 




147 

170 

1.1 

1.31 

1.44 

6.0 

180 

200 

1.1 




220 

250 

1.1 
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TABLE '8 

Effect of thorium chloride 


CONC. 

PRESSURE 

E.M.F. 

H/P 

K„ x 10-* 

HK./P X 10+* 

NxlO 4 

mm. 

millivolts 


Mhos 



147 

600 

4.0 

0.98 

4.02 (-) 

0.0 

180 

750 

4.1 




220 

950 

4.3 




147 

1 

500 

3.4 

1.07 

S.85 (-) 

0.5 

180 

700 

3.8 




220 

800 

3.6 




147 

330 

2.2 

1.21 

2.66 (~) 

2.0 

180 

400 

2.2 




220 

500 

2.2 

. 



147 

200 

1.3 

1.28 

1.66 <-) 

4.0 

o 

00 

265 

1.4 




220 

300 

1.3 




147 



1.32 

0.13 (+) 

0.0 

OO 

o 

10 

0.05 




220 

22 

0.10 




TABLE 9 

Effect of di-s odium phosphate 


CONC. 

PRESSURE 

E.M/F. 

ii/p 1 

K* X 10"* 

HK./P X 10 ta 

N x 10* ‘ 

mm. 

millivolts 


Mhos 

<-> 


147 

525 

3.5 

1.01 

3.54 

0.0 

180 

625 

3.4 




220 

775 

3.5 




147 

650 

4.4 ! 

1.14 

4.90 

0.5 

180 

750 

4.1 | 




220 

950 

4.3 




147 

740 

5.1 

1.22 

6.10 

1.0 

180 

900 

5.0 




220 

1100 

5.0 




147 

620 

6.2 

1.36 

9.51 

2.0 

180 

1100 

6.1 

i 



220 

1350 

6.1 




147 

1030 

7.0 

2.03 

14.21 

4.0 

180 

1280 

7.1 


* 


220 

3550 

7.0 




147 

810 

5.5 

2.27 

12.48 

6.0 

180 

1000 

5.5 




220 

1200 

5.4 
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the negative potential is attributed to more extensive adsorption of hydroxyl 
ions than of hydrogen ions. In a fat-skim milk emulsion we have, in addi- 
tion, the various ions of the milk salts, and the milk colloids. The potential 
that obtains at the interface must be the net result of the adsorption of the 
various ions, the adsorption of each ion reaching equilibrium at a definite* 
concentration of that ion in the serum proper (reversible adsorption). 


TABLE 10 

Effect of sodium citrate 


CONC. 

PRESSURE 

E.M.F. 

H/P | 

K, X 10-« 

HK./PX 10 +# 

NxlO« 

mm. 

millivolts 


Mhos 

(-) 


147 

650 

4.4 | 

1.07 

4.70 

0.0 

180 

800 

4.4 | 




220 ; 

990 

4.5 ' 

i 




147 : 

750 

5.1 

1.19 

5.72 

0.5 

180 

970 

5.3 




220 

1160 

5.2 j 




147 

900 

6.1 

1.80 

11.34 

1.0 

180 

1175 

6.5 




220 

1400 

6.3 i 




147 

1 

; looo 

6.8 

2 21 

15.25 

2.0 

180 

1300 

7.2 




220 

1500 

6.8 i 




147 

1120 

7.6 ; 

2.33 

17.71 

3.0 

180 

1400 

7.7 




220 

1650 

7.5 




147 

900 

5.9 

2.87 

17.22 

5.0 

180 

1110 

6.1 




111 

675 

6.0 




147 

750 

5.1 

3.01 

15.05 

7.0 

180 

900 

5.0 




220 

1025 

4.9 




147 

300 

2.0 

4.63 

9.26 

10.0 

180 

360 

2.0 




220 






However, it must be expected that the conditions will be further compli- 
cated by the fact that some of the milk colloids are irreversibly adsorbed, 
thereby conferring new properties upon the interface. With a film of irre- 
versibly adsorbed milk colloids on the fat globules (“fat hulls”) we now 
have an interface in which the adsorbed milk colloids will probably play the- 
dominant r 61 e in determining the potential. 
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That fat globules in milk possess “fat hulls” in the sense that there is 
irreversibly adsorbed material present has been demonstrated by the work 
of various investigators. In such work the method of isolating the “fat 
hull” material has in all eases involved the repeated washing of the globules 
with water, followed by the removal of the fat, leaving the “fat hull” mate- 
rial for study. In washing the fat globules, two methods have been used; 
in one method the fat globules, introduced as whole milk into the bottom of 
a tall column of water, are washed as they rise through the water; in the 
second method milk is separated centrifugally, the cream is suspended in 



1 = KCl 

2 = CaCl, 

3 - FeCf 

4 = ThCl* 

water and reseparated a number of times. In either method the fat glob- 
ules are suspended in pure water for a sufficient length of time that rever- 
sibly adsorbed material must inevitably be removed. The study of “fat 
hulls” in the past has therefore included only material that is irreversibly 
adsorbed. 

The chemical nature of “fat hull” material in milk has been the subject 
of numerous investigations since 1840, and divergent conclusions have been 
reached. The material has been variously reported as casein (31), glyco- 
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protein (30), a mixture of globulin-like proteins and phospholipids and so 
forth. Palmer and Wiese (32) in a recent publication point out that the 
material consists of a mixture of proteins and phospholipids, and that the 
protein possesses the properties of both a hydrophyllic and a hydrophobic 
colloid. They point out further that its physical properties, percentages 
of N, S, and P, do not correspond with any of the other milk proteins. It 



1 = Sodium Citrate 
2= Na, HP0 4 

should be pointed out, however, that their comparisons of S, N, and P con- 
tents were with analytical data taken from the literature rather than with 
analyses of milk proteins that had been subjected to the same special treat- 
ment that they employed in preparing the “membrane” protein. Nor do 
they consider the data of Titus, Sommer and Hart (31) which shows good 
agreement between the “membrane” protein and casein with respect to 
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nitrogen distribution, content of sulphur, phosphorus and tryptophane, 
specific rotation, and the precipitin reaction. The latter investigators con- 
cluded that the “hull” material consisted chiefly of casein. 

For the present purpose it is sufficient to consider that there is a protein 
adsorbed at the fat-serum interface, and that this must necessarily alter the 
conditions with respect to the electrokinetic potential. Similarly, adsorbed 
phospholipids, postulated by Palmer and Sainuelson (24), must exert an 
effect. That the adsorbed material alters the potential is shown by table 
2, which shows that the electrokinetic potential is lower (less negative) after 



opportunity and time have been provided for adsorption. The work of 
Prieger (27) shows an isoelectric point of pH 2.27-3.07 for fat globules 
suspended in water, and pH 4.21 in milk. Since such reactions are on the 
acid side of the iso-electric point as commonly found for milk proteins (pH 
4.6 -4.7), the proteins by themselves should have a positive potential. 
Such proteins adsorbed on the fat globules should bring the iso-electric point 
of the globule nearer to pH 4.6. In the present work the iso-electric point 
or the point where the potential at the fat-serum interface is zero was found 
to be pH 4.3 (Table 4 and Figure 4). 

The potential at the interface must be the net result of adsorbed ions 
and special properties conferred by irreversibly adsorbed material. The 
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TABLE 11 

Effect of temperature 


°0. 

PRESSURE 

E.M.F. 

li/P 

K„ X 10-* 

HKg/P x 10 +e 


mm. 

millivolts 


Mhos 

(-) 


347 

175 

3.1 

0.90 

0.99 

6.0 

180 

200 

1.1 




220 

250 

3.1 




147 

470 

! 2.6 

1.60 

2.86 

8.0 

180 

600 

! -- 7 




220 

740 

| 2.6 




347 

1 

750 

i 5.0 

1 

i 1.82 

8.92 

10.0 

380 i 

900 

i 5.0 




220 

1050 

1 4.7 




147 

810 

! 

5.5 1 

2.2 

10.8 

12.0 

180 \ 

975 

! 5.4 




I 220 

1200 

5.4 




147 



2.18 

14.60 

14.0 

180 j 

1200 j 

6.6 




220 j 

1500 

6.8 




147 

1225 

8.3 

2 24 

18.59 

10.0 

180 

1500 

8.3 




220 






special properties contributed by the irreversibly adsorbed materials in- 
volve adsorption of ions by it and the dissociation of the irreversibly ad- 
sorbed material itself. Since proteins are ampholytes, the following 
conditions apply with respect to reaction : — 


Protein dissociated as 
a base, therefore the 
potential will be pro- 
gressively more posi- 
tive as the acidity is 
increased 


Increasing 



Acidity 


Tso-electric 

Protein 


(B) 


Decreasing 

» 

Acidity 


Protein dissociated as 
an acid, therefore the 
potential will be pro- 
gressively more nega- 
tive as the acidity is 
decreased or the alka- 
linity is increased 
(A) 


This reaction must be expected to affect the potential because (1) it fixes 
the hydrogen- and hydroxyl-ion concentrations and their direct absorption 
(2) it determines the type and extent of dissociation of the irreversibly 
adsorbed protein, and (3) it determines the degree of dissociation and 
valence of polyvalent ions such as citrate and phosphate ions. 

The ions furnished by salts must influence the potential by (1) the 
direct adsorption of the ions, and (2) the effect of the ions on the dissocia- 
tion of the adsorbed protein. Under (A) above the proteins yield com- 
pounds such as sodium proteinate, potassium proteinate, etc. The extent 
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to which these compounds are dissociated must, in conformity with the mass 
law, be affected by the concentration of the cations. Thus : 

A n Proteinate *=* A (n . X ) Proteinate*" + xA* 

A representing any cation. 

The application of the mass law to this problem cannot be made in a 
quantitative manner, but in a qualitative sense it must be applicable. Any 
complete explanation, no* doubt, must involve a number of additional fac- 
tors, such as the effect of double bonds and natural salt or ketopiperazine 
structures within the protein molecule. 

The effect of added salts was in general in harmony with expectations. 
The chlorides (with the exception of KC1 which first increased and then 
decreased the potential) all decreased the electrokinetic potential. Since 
in these salts the chloride ion is common to all, the cation should, therefore, 
be the effective ion, the efficiency increasing with the valence. In the case 
of the Thorium ion which is tetra-valent, the charge was actually reversed. 

The phosphate ion was slightly less effective than the citrate ion in 
making the charge more strongly negative. This is to be expected from 
the dissociation constants of the phosphoric acid and the citric acid, which 
are as follows : phosphoric acid, k 2 = 1.1 x 10~ 2 , k 2 = 1.95 x 10~ 7 , k 3 = 3.6 x 1CH 8 ; 
citric acid, k 4 = 8.3 x 10~ 4 , k 2 = 4.1 x 10~°, k 3 = 3.2 x lO 6 . The titration curves 
of phosphoric and citric acid, fixed by these constants, show that at reac- 
tions involved in these and similar studies, the citric acid is more com- 
pletely neutralized than the phosphoric acid. For example at pH of 6.5, 
soluble phosphates exist in the proportion of 3.12 moles of primary phos- 
phate to 1.95 moles of secondary phosphate. In considering the effect of 
added phosphates at this reaction (even if the addition had been as tertiary 
phosphate, (Na 8 P0 4 ) the phosphate ion should, therefore, be considered 
partly mono-valent and partly di-valent. A similar calculation for citrates 
can not be given with the same degree of accuracy because the three dis- 
sociation constants for citric acid are more nearly of the same value ; but 
inspection of the dissociation constants and the titration curve for citric 
acid, clearly shows that the citrates will exist partly as the di-basic and 
partly as the tri-basic salt at pH 6.5. These facts are pointed out in some 
detail, because the error is frequently made of considering citrates and 
phosphates as furnishing tri-valent ions regardless of the reactions. 

Temperature is known to affect the dissociation of acids, bases, salts 
and of water itself, and the activity of the ions. It is therefore to be 
expected that temperature should affect the electrokinetic potential. As is 
shown in table 11, increasing the temperature increases the negative poten- 
tial quite rapidly. In a complex system such as milk it is difficult to 
attribute this effect to a single factor or several specific factors; however, 
it is likely that the following considerations are involved: (1) Since 
hydroxyl ions are more strongly adsorbed than hydrogen ions, the increased 
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dissociation of water with higher temperatures should favor the greater 
adsorption of hydroxyl ions. (2) Higher temperatures are likely to in- 
crease the dissociation of the adsorbed protein as an acid. (3) The in- 
creased dissociation of the salts with increased temperatures is likely to be 
most significant with the citrates and phosphates, especially the latter; 
increased dissociation in this case would increase the valence of the ions 
{e.g. y phosphate ions changed in the direction of primary to secondary to 
tertiary). (4) Increased temperatures decrease the hydration of the irre- 
versibly adsorbed proteins thereby moving the boundary which is involved 
in the elect rokinetic potential closer to the globule itself. 

The factors which are shown to affect tlic eJectrokinetic potential at the 
fat-serum interface must also be expected to affect the potential or charge 
on the colloidal protein particles themselves. This must follow if the 
adsorbed proteins play the dominant role in determining the charge on the 
fat globules. As far as can be stated at the present time, the effects of 
salts on the stability of milk proteins, as reported by Sommer and Hart 
(29), are in harmony with this expectation. It is further supported by 
the work of Doan (4) (5) (fi) which shows that there is a relationship 
between the clumping of fat globules and the stability of proteins 

SUMMARY 

1. A method is described, based on the theory of streaming potentials, 
that may be used in measuring the magnitude of the electric charge at the 
fat -serum interface. 

2. The stability of colloidal systems is discussed and a mathematical 
development of the streaming potential formula is given. 

3. Data are presented to show that an interface quite comparable to 
that of the fat globule as it exists in milk is being considered. 

4. The elect rokinetic potentials observed using various samples of milk 
from individual cows are sliown to vary over a comparatively wide range. 

5. The iso-eleetrie point of the interface was found to be at about pH 4.3. 

6. Potassium chloride, added in increasing amounts, caused an increase 
that was later followed by a decrease in potential. Chlorides of calcium, 
iron and thorium decreased the electrokinetic potential. Thorium was 
found to be the most effective and at certain concentrations reversed the 
sign of the charge. 

7. Di-sodium phosphate and sodium citrate caused the potential to 
become more strongly negative. The latter salt was found to be the most 
effective. 

8. Increasing temperatures produced a very pronounced increase in the 
observed electrokinetic potential. 

REFERENCES 

(1) Beigos, D. A., and GortnEr, R. A. The determination of the Zeta -potential on 
cellulose. J. Pliys. Chem. 32: 641. 1928. 



42 


G. C. NORTH AND H. H. SOMMER 


(2) Burton, E. F., and Curie, J. C. Stromungspotentiale und Kolloidstabilitat. Koll. 

Zeit. 22: 81. 1918. 

(3) Delbye, Von P., and Hucicel, E. Bemerkungen zu einen satze iiber die Kata- 

phoretische Wanderungsgcschwindigkeit Suspendierter Teilchen. Physik Zeit. 
25: 49. 1924. 

(4) Doan, F. J. Some factors affecting protein stability. Journal or Dairy Science 

12: 211. 1929. 

(5) Doan, F. J, Homogenization affects protein stability. Milk Dealer 19: 57. 1929. 

(6) Doan, F, J. Some factors affecting fat clumping and protein stability. Paper 

presented before Am. Dairy Sci. Assoc. 1930. 

(7) Freundlicii, H., and Ettiscii, G. Das Electrokinetische and das thermodynam- 

ische Potential. Zeit. Pliysik. Chem. 116: 401. 1925. 

(8) Gee, W. W. IL, and Harrison, Wm. The electrical theory of dyeing. Trans. 

Farad. Soc. 6: 42. 1910. 

(9) Goijy, G. Sur la constitution de la charge 1 ’electrolyte. J. Physique (4) 9: 457. 

1910. 

(10) Gortnrr, R. A. Personal interview. 

(11) Gortner, R. A., and Bull, H. B. Studies on electrokineitc potential VIII; ion 

antagonism. J. Phys. Chem. 35: 700. 1931. 

(12) Gortner, R. A., and Bull, H. B. Studies on electrokinetic potentials VIT; Tem- 

perature coefficients. J. Phys. Chem. 35: 456. 1931. 

(13) Hardy, W. B. Eine vorliiufige Untersuchung der Bedingungen, wolche die Sta- 

bilitat von nicht umkehrbaren Hydrosolen bestimmen. Zeit. physik. chem. 33: 
385. 1900. 

(14) Harrison, H. A theory of dyeing. J. Soc. Dyers and Colorists 27: 278. 1911. 

(15) Hattori, K. liber die HUUensubstanz der Milch fettkiigelehen. J. Pliarm. Soc. 

(Japan) 123. 1925. 

(16) Hattori, K. Bertrage zur Untersuchung iiber die Hiillensubstanz der Milch fett- 

kiigelchen. J. Pliarm. Soc. (Japan) 49: 332. 1929. 

(17) Helmholtz, II. Cited by The. Swedberg. Annal Physik 7: 337. 1879. 

(18) Kruyt, H. R. Stromungspotentiale und Kolloidstabilitat. Kolloid Zeit. 22: 81. 

1918. 

(19) Linder, S. E., and Picton, H. Solution and Pseudo-solution. J. Chem. Soc. 61: 

148, 1892; J. Chem. Soc. 71: 568. 1897. 

(20) Martin, W. M. Electrokinetic properties of proteins. J. Phys. Chem. 36: 2065. 

1931. 

(21) Mohr, W., and Brockmann, C. Kataphorese von Kuhmilch. Milchwirtsch. 

Forsch. 11: 21.6 1930. 

(22) Mommsen, H. Uber die Kataphorese von Kuhmilch und Frauenmilch. Monats- 

schrift fur Kinder Heilkinde 42: 361. 1932. 

(23) Nugent, R. L. The application of the Mudd interfacial technique in the study 

of protective protein films in oil -in- water emulsions. J. Phys. Chem. 36 : 449. 

1932. 

(24) Palmer, L. S., and Samuelson, E. The nature of the substance adsorbed on the 

surface of the fat globules in cow’s milk. Proc. Soc. Exp. Biol. Med. 21: 537. 
1924. 

(25) Perrin, J. La cause de l ’electrisation de contact et solutions colloidales. J. Chem. 

Phys. 2: 601. 1904. 

(26) Powis, P. Cited by Thomas, A. W., and Frieden, A. J. Am. Chem. Soc. 45: 

2522. 1923. 

(27) Preigbr, I. Uber die Hiillen der Milchfettkiigelchen, Bio. Chem. Zeit. 217: 831. 

1930. 



ELECTROKINETICS IN RELATION TO DAIRY PHENOMENA 


43 


(28) SlRKS, H. A. On the agglutination of butterfat droplets and their electric charge. 

Dept. Bimmenlarnd Zaken Landb. (Netherlands) VcTslag. Landhourek Under- 
saek. Rijalandhouwpraep 29: 137. 1924, (Chem. Abst. 17: 15(58, and 19: 
301.) 

(29) Sommer, H. IT., and Hart, E. B. Heat coagulation of evaporated milk. Wis. 

Ees. Bui. No. 67. 1926. 

(30) Storch, V. Consistensfejt hos Smorret. Den Kgl. Veteriniirog Landhohjskoles 

Laboratiura for landkonomiske Fersg. 36 Beretning. Ueber den Bau der Mileh- 
kiigelchen. Abschnitt III. Jahresbr. Fortschritte Tierchem. 22: 273. 1897. 

(31) Titus, R. W., Sommer, II. H., and Hart, E. B. The nature and protein surround- 

ing the fat globules. J. biol. Chem. 24: 237. 1928. 

(32) Wiese, II. F., and Palmer, L. S. Substance adsorbed on the fat globules in cream 

and their relation to churning, 

I. Churnability of artificial emulsions prepared with known emulsifying agents. 

Journal or Dairy Science 15: 371. 1932. 

II. The isolation and identification of adsorbed substances. Journal of Dairy 
Science 16: 41. 1933. 




X-RAY INVESTIGATION OF THE M f CROCRYST ALL1NE 
STRUCTURE OF BUTTER-FAT 
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Physical Laboratories of the Philips WoiTcs, . Eindhoven , Holland 

It may be expected that one of the factors which have an influence on 
the firmness of butter will be the way in which and to what extent butter- 
fat crystallizes. A far advanced crystallization can be obtained by holding 
the cooled cream before churning, or the butter for a long time. By follow- 
ing the first method the fresh butter will be much more solid than butter 
made without cooling the cream beforehand. As a result hereof it can be 
worked more and drier and will give a finer distribution of the liquid ; more- 
over, loss fat will get lost in the buttermilk. Although it may bo assumed 
that in this butter the fat is practically in equilibrium at t lie churning tem- 
perature, the butter still strongly solidfies when kept at the same tempera- 
ture, which behavior, therefore, cannot be ascribed to a further crystal- 
lization. It is, however, not impossible that a variation in the size of the 
crystals is the cause of this phenomenon, or that some other change in micro- 
structure occurs. Also for other plastic substances this question seems not 
yet to be solved. 

The cooling of butter prepared from cream that has not been held cooled 
beforehand differs from the cooling of butler from chilled cream. At first, 
the fat of this butter is not in equilibrium as the greater part is still in the 
non -crystallized state, on cooling. Ibis part will slowly solidify in the butter 
with a chance of forming crystallites of another size. Tims, in this case, 
the way in which the crystallization takes place and which we discussed 
above, would be different from that, which occurs in the first mentioned 
butter. When, by following the tv^o methods indicated, summer-butter is 
prepared from the same cream and the butters are kept at a temperature 
of about 9° C., then the original great difference in firmness almost com- 
pletely disappeared after a week; it even happens that the product, which 
•was softer when fresh, turns out to be the more solid one later on. Yet in 
most cases the body of the butter, prepared from cream that was cooled 
beforehand, is better, as it proves to be more “elastic”; the other sort, on 
the contrary, is not elastic, especially not when the churning temperature 
has been rather high. 

The size of the fat-crystallites can be influenced also in a different way, 
namely by varying considerably the temperature of the washing-water. 
When this temperature is chosen considerably lower than the churning tem- 

i The X-ray part of the investigation. 
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perature, i.e., lower than about 6° C., 2 then a rapid crystallization will take 
place, since the fine butter grains will also easily assume this temperature. 
When, however, water is used, which is but 1 or 2° colder than the churned 
product and the butter is cooled afterwards, then the cooling of the butter 
will take place slowly again, thus causing another way of crystallization. 
When following this method, the difference in structure can be seen very 
distinctly on the fracture with the unaided eye. The butter rinsed with 
very cold water shows a fine texture, the other a coarse, more normal 
structure. 

From the aforesaid it becomes evident that a more exact knowledge of 
the microcrystalline structure of butter-fat would be very important in 
practice and this is the reason why we have endeavored to investigate to 
what extent an X-ray investigation would be of use. Although our experi- 
ments in this direction have not yielded the results we expected from them, 
we thought it useful to present them. 

Some general remarks as to the method of procedure which was followed 
for the X-ray investigation may be given first. 

X-ray interference exposures were made of all sorts of butter-fat to be 
investigated according to the method of Debye-Sclierrer. To this end the 
material (see fig. I) 8 is fastened in the form of a thin rod P to the axis of 
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(b) 

Figure 1 

a -cylindrical camera and exposed to a narrow beam of monochromatic 
X-rays, which enters the camera through a tubulated diaphragm in the 
walL In case of microcrystalline material, containing a large number of 
crystallites with arbitrary position of their axes with regard to the incident 
X-ray beam (as will be generally the case in any crystal powder), the 
scattered rays, due to interference of the incident beam with the crystal 
lattice planes, form a system of circular cones round this beam as an axis. 
These cones intersect a film I-I', which is placed along the wall of the 
aHildeah. Molkerei. Zeit. 43: 1198, 1929. 

* From : W. L. Bragg, The Crystalline State, London, Bell & Sons, 1933, where a 
modern exposition is given of the theory and the method of X-ray investigation. 
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cylindrical camera, according to curved lines which, in first approximation, 
form a system of concentric circles (in general, as a consequence of the 
limited height of the film, circular arcs) with the point T, where the inci- 
dent beam of X-rays strikes the film, as the common center. From the dis- 
tance of the circles and the diameter of the camera, the top angle, 40, can be 
calculated for each cone and from this, knowing the wave length X of the 
X-ray light used, by means of Bragg’s well-known formula X = 2d sin 0, the 
distance of periodicity d of the crystal lattice planes, corresponding with 
each special circle. 

From the character of the interference lines, data concerning the size 
of the crystallites can be derived in certain cases: when tills size is larger 
than about lOp, the lines are no more continually blackened, but the rays 
scattered by the individual crystallites give rise to separate points on the 
circles; when, however, the crystallites are smaller than 0.1 p, the lines will 
be considerably broadened as a result of unsufficient resolving power. 

Finally it may be remarked that a liquid phase gives rise to one or more 
very diffuse interference circles (halos) with a diameter related to the 
mean distance of the molecules in the liquid, which latter, as a result of 
thermal agitation, varies constantly. 

The photographs reproduced hereafter were obtained ‘with the Philips 
Metalix apparatus for the investigation of crystal structure. 4 To obtain 
a preparation of the butter, suitable for an exposure, a capillary tube (total 
diameter J-l mm) with thin walls, for X-rays transparent glass, is dipped 
several times in the butter, till it contains a sufficient quantity. In order 
the prevent the temperature of the butter fat to be influenced by this 
manipulation, especially in view of the very small quantity required for an 
exposure, the capillary was kept close to the butter beforehand, so that both 
had the same temperature ; then it was taken up with cottonwool or gloves 
to reduce warming by the hand. The preparations w r ere then put in the 
center of a Debyc-Scherrer camera (diameter 57.3 mm) belonging to the 
above-mentioned apparatus for crystal structure and exposed during half 
an hour with copper-Ka-radiation (A = 1.54 A). A thermometer was en- 
tered through an opening in the cover of this camera, the reservoir close to 
the preparation, so that the temperature of the latter could be controlled 
during the exposure. In special cases, where it was not allowed to surpass 
a certain maximum temperature, cooled air was blown through side tubes, 
mounted in two diametrically opposite points of the camera wall, with such 
velocity ihat the thermometer indicated the desired temperature. 

1st Experiment: Crystallized butter-fat in comparison with batter . 

After some preliminary experiments, exposures were made of butter-fat 
of very high and of very low melting point in comparison with ordinary 

4 A. Bouwers and W. Basse, ZS. f, Krist, 77, 507, 1931. 
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butter as such. In order to obtain the two first sorts, a liquid part was 
separated at 11° C. from filtered butter-fat, the solid rest being melted and 
then crystallized at about 32° C. ; then the crystals were filtered and washed 
with a mixture of alcohol-petroleum ether, the rests of which are removed 
from the crystals by introducing dry carbonic acid in the molten mass at a 
mercury pressure of about 5 mm. 

The resulting X-ray photographs are reproduced in fig. 2 A , B and C. 




Figure 3 


B 



A relates to the fat with low melting point (“ liquid oil”), C, to that with 
a high melting point (“solid fat”), w T hereas B represents an exposure of 
ordinary butter at about 18° C. The photographs are in agreement with 
what might be expected from the above given general remarks: A shows 
one diffuse circle (halo), which is characteristic for a liquid phase, C some 
(2 are clearly visible) relatively sharp interference lines, as can be expected 
for a solid crystalline material. 

In connection with the known diameter of the camera and the wave 
length of the X-ray radiation used, it is found from the distance of the 
lines that these correspond with periodicity distances in the crystal lattice 
of resp. 4.32 and 3.87 A, that are distances of the order of magnitude as are 
generally found for the “cross-dimensions” of molecules with long chains 
of carbon atoms. 5 Photograph B of the butter preparation can be con- 
sidered as a superposition of the photographs A and C ; it shows the * * oil- 
ring” as well as the “solid crystal lines” (only the outmost of these two is 

5 See e.g. 2S. f. Krist. : Btrukturbericht 1933-1928; the much larger periodicity dis- 
tance, which corresponds with the length dimensions of the fat molecules, gives rise to 
an interference cone with very small top angle. In connection with the dimensions of 
the camera, this cone cuts the film along so small a circle that the latter falls within the 
opening in the middle of the film, through which the direct beam leaves the camera. Con- 
quently this interference circle cannot appear on the film. 






MICROCRYSTAULINE structure of butter-fat 


49 


visible separately, as the inmost line just coincides with the- exterior part 
of the oilring; compare also fig. 3). Thus the photograph shows very dis- 
tinctly the presence of liquid fat as well as of solid fat in the butter. 


A 

Figure 4 

B 


A 

Figure 5 



2nd Experiment: Influence of keeping butter at low temperature on its 
crystal Ik at ion. 

The occurrence of the “oilring” in experiment 1 led to the next ex- 
periment. 

A portion of* summer-butter, prepared from cream, which had not been 
cooled to a very low temperature, was exposed immediately after prepara- 
tion (fig. 3 4), whereas another portion was kept during two months at 
a temperature of *-10° to -12°, after which a photograph was made (fig. 
3,1). 

A comparison of these two photographs shows very distinctly that, as 
a result of keeping the butter at low temperature during a long time, a 
strong crystallization of solid butter fat has taken place; the “oilring, ” 
still distinctly visible on photo 3 A/’ has almost completely disappeared 
on photo 3 Ik and has been replaced by the two “crystal-lines.” From the 
fact that these lines, although close together on the film, 7 differ apparently 
considerably in width, it seems probable that line-broadening as a conse- 
quence of the smallness of the crystallites occurs and that these crytallites, 
at least as regards one of their cross-dimensions, are smaller than O.lp. 

3rd Experiment : Influence of wash-water of a very low temperature in com- 
parison with that of normal temperature on the crystallization of 
butter. 

Two equal portions of sour cream (cooled after pasteurization at about 
9° C., soured at 33° C.) were churned in March and one portion of the 
butter washed with very cold water, the other in the normal way : 

6 Unfortunately the left side of this photograph has been damaged. 

t As, namely, the line broadening is dependent on the reflection angle 0, only lines 
which lie close together on the film (thus differing liUlo in 6) may be compared with 
each other. 
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Cold 

Warm 


rinsing 

rinsing 

churning temperature 

. .. 13.3°-14.5° 

13.3°-14.5 

duration of churning 

32' 

35' 

temperature washing-water 

3,6° 

13° 

temp, butter after first working 

6.8° 

13.2° 

temp, butter after second working 

9° 

12.8° 

number of revolutions 

36 

18 


That same day Debye-Scherrer exposures were made of both sorts of 
butter (fig. 4 A and B) and this was repeated after they had been kept 
during a week at a temperature of 8° (fig. 5 A and B). After this week the 
consistency, which, of course, considerably differed in fresh condition, 
proved to be almost equal after heating up to 17° 0. ; with the Perkins- 
apparatus the following results were obtained for hardness : 

“cold rinsing/ * at 16.8° C. . 0.23 

“warm rinsing/ 3 ' at 16.7° C. 0.24 

The difference in structure mentioned above was very well visible on the 
fracture and the coldly washed product showed the well-known appearance 
of solidified limiment. 

Inspection of the photographs does not show a marked difference be- 
tween the two sorts of butter, neither in fresh condition nor after a week’s 
storage at 8°. Although the method of exposure is not very “ sensitive ’ 9 
with regard to the detection of small differences in size of the crystallites, 
it can yet be concluded from this fact, that the size of the crystals in the 
two kinds of butter does not differ considerably and consequently it does 
not seem very likely that the marked difference in structure must be 
ascribed exclusively to a difference in crystal size. However, it must be 
kept in mind that, as indicated already above, the interference circle due 
to the periodicity distance of the crystal lattice corresponding with the 
length - dimension of the fat-molecules, is not present on the photographs: 
the possibility thus remains that the dimensions of the crystallites parallel 
to the length-direction of the molecule show larger differences (so that they 
would give rise to interference circles which differ distinctly in sharpness). 

Finally it may be remarked that an eventual marked anisodiametrical 
form of the fat-crystallites (rods or plates) may give rise to “performance 
orientations” during the working. The fact that preference orientations 
can occur when spreading fat is proved by experiments of J. J. Trillat. 8 A 
difference in “habitus” of the crystallites is in all probability accompanied 
by a difference in “orientation power” and might eventually come to ex- 
pression as a difference in external structure of in elasticity. 

8 J. J. Trillat, C. E. de l’Acad. d. Sc., 182, 843, 1926; Ann. d. Physique [10] 6, 6, 
1927; see also: “Les applications des Rayons-X 1 9 (Les Presses Universitaires de France, 
Paris, 193). 



A CHART TO AID IN SCORING MILK FLAVOR 

E. L. FOUTS and EARL WEAVER 
Oklahoma Agricultural Experiment Station, Stillwater, Oklahoma 

In the summer of 1933, a project was inaugurated at the Oklahoma sta- 
tion to study certain phases of the question of flavors in milk. At the out- 
set it was recognized that work of this nature depended to a considerable ex- 
tent on the accuracy of the scores accorded the milk samples. It was fur- 
ther realized that the scoring of milk can not give wholly exact and uniform 
results but is subject to considerable variation among individual judges. 
Even a given judge, though entirely proficient, is by no means infallible in 
such a delicate matter as the evaluation of milk flavor. 

In contemplating the procedure to be employed in obtaining the milk 
scores in this project two alternatives presented themselves. On one hand, 
there was the possibility of using as judges two of the staff members who 
had acquired considerable experience in scoring and judging work. On the 
other hand, there were four additional staff members available who could 
assist the two experienced men. 

It w r as finally decided the use of all six men would be the more suitable 
procedure in such a study. There appeared to be considerable advantage 
from the standpoint of accuracy, in securing the greater number of indi- 
vidual scores. Also the greater number of persons whose scores were 
secured could more nearly represent the view-point of consumers. The sig- 
nificance of this view-point is not to be minimized in studies involving milk 
quality. 

On starting the w r ork there immediately arose the need for some device 
to aid, especially the inexperienced men, in scoring the milk for flavor. 
These men sought first of all a proper vocabulary so they could reveal the 
flavors they detected. They as well as the experienced judges wanted some 
guidance as to the seriousness of each flavor defect. To accomplish these 
objectives the chart as shown here was prepared and displayed in the lab- 
oratory where the scoring ivas done. 

Efforts in formulating guides in scoring milk for flavor have been made 
by other workers. Babcock and Leete 1 proposed a ‘‘general guide for scor- 
ing flavor and odor.” Lucas 2 also has suggested certain numerical scores 
for various flavor defects in milk. 

The rules for the students' National contest in judging dairy products 
carry a detailed milk score card in which 15 flavor defects are listed. This 

Received for publication September 17, 1934. 

i Babcock, C. J., and Leete, G. S. How to conduct milk and cream contests. TJ. S. 
Dept. Agr. Cir. 384: 18. 1929. 

a Lucas, P. S. Many factors cause abnormal milk flavors. Mich. Exp. Sta. Quar. 
Bui. XII: 1. 1929. 
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material while providing terms that may be used to describe a defect affords 
no guidance as to the score that should be accorded when the defect varies 
in intensity. 

THE PROPOSED CHART 

In the chart here are included the five classes into which milk is divided 
on a basis of flavor as suggested by Babcock and Leete. The perfect score 
for flavor is 25. Milk that scores 23 or above, is designated as excellent , 21 
or 22 good, 18, 19 or 20 fair, 12 to .17 inclusive poor, and 11 or below is bad. 
A fractional score in no case serves to raise a sample into a higher class than 
it would enter without the fraction. For instance, a sample scoring 20| is 
classed as fair, not as good. Eighteen different defects in flavor are enumer- 


Flavor Defect s and Suggested Scores 
(s. indicates slight; v. indicates very) 


CLASS 

EXCEL- 

LENT 

good 

FAIR 

I’OOIt 

| HAD 

SCORES 

23 and 
above 

21 and 

18, 10 
and 20 

12 to 17, 
mcl. 

J 1 J anti below 

Acid 




8, acid 

1 acid 
v. acid 

Bitter 




s. bitter and 
bitter 

v. bitter 

Cooked 


s. cooked 

cooked 

v. cooked 


Cowy 

Disinfectant 


s. cowy 

cowy 

v. cowy 

8. disinfectant 

disinfectant and 
\. disinfectant 

Feed 


s. feed 

feed 

v. feed 


Flat 


s. Rat 

flat 

v. flat 


Metallic 



s. metallic 

metallic and 
v. metallic 


Musty 

Nutty 



s. nutty 

s. musty 

nutty aud 
v. nutty 

musty and 
v. musty 

Oxidized 



s. oxidized 

oxidized and 
v. oxidized 


Rancid 




s. rancid 

i a nr* id and 
v. rancid 

8alty . 

Sharp 

Stale 


s. sharp 

s. salty 
sharp 

s. stale 

salty 
v. sharp 
stale and 
v. stale 

v. salty 

Sweet 


s. sweet 
and sweet; 

v. sweet 



Watered 



s. watered 

watered and 
v. watered 


Weedy 




s. weedy 

weedy and 
v. weedy 


ated. It is recognized that some of these terms are subject to challenge. 
Again some judges would choose to add other terms. In a year’s work with 
this chart, during which time about 1,000 milk samples have been scored by 
five or six judges, a few suspected off-flavors other than the eighteen 
enumerated have been encountered. However, none of these other flavors 
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has been observed with enough certainty or frequency to justify its inclusion 
in the chart. 

In formulating this chart it was believed each flavor could be resolved 
into at least three degrees of intensity. Accordingly the terms “slight” 
and “very” are employed to reveal the upper and lower gradations in the 
flavor. These terms, or comparable ones, are used by all judges. The effort 
in the chart is to ascribe some numerical significance to the different 
gradations. 

It is observed in several cases here that two gradations of a given flavor 
are suggested under the same class. For instance, milk that is either 
“acid” or “very acid” is classed as bad. Again, milk that is “slight 
bitter” is held down into the same class as “bitter” milk. In devising the 
Chart decisions that relegated the different flavor gradations into the various 
classes were based on experience and usual practice in scoring milk. They 
are entirely arbitrary and no effort is made here to defend them. On the 
whole, however, it is believed few workers would have occasion to deviate 
greatly from the suggestions as given. 

Frequently in using this chart the judges have found occasions which 
prompted them to use an additional gradation to reveal a “very slight” 
intensity in some flavor. Such occasions have arisen most frequently with 
the salty samples. It is suggested in the chart that milk found to be 
“slight” salt should be classed as fair. However, the judges sometimes 
detected a very slight taste of salt that was in no wise objectionable. They 
felt it was unduly critical to hold the milk down to fair so used the grada- 
tion “very slight” salt and kept the milk in the good class. 

OBSERVED BENEFITS IN USING THE CHART 

In the year’s use of the chart during which time about 1,000 samples 
have been scored by five or six judges some observations thought to be of 
value have been made. 

1. The use of the chart contributes somewhat to the unification of the 
scores accorded by individual judges. Of course, it does not make for any- 
thing like perfect unanimity. Variation in the scores will exist unless the 
judges confer and coordinate their criticisms of each sample. 

2. In work of this nature involving studies of milk quality, the pro- 
cedure wdierein several judges, under such guidance as the chart provides, 
express their individual opinions is believed preferable to the plan wherein 
the judges confer to attain greater uniformity in the scores. The former 
plan can be related to the consumers’ viewpoint more directly than the 
latter. 

3. The use of the chart provides an incentive for the judges to score 
inferior milk sufficiently low so it is effectively differentiated from superior 
milk. It is believed that usual practice in scoring milk is characterized by 
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an unduly critical attitude toward superior milk and undue liberality 
toward inferior milk. 

4. Such a chart fortifies one's vocabulary so he feels greater security 
and confidence in scoring milk. 

5. It affords, not only amateurs but experienced judges as well, some 
guidance as to the seriousness of various flavor defects in milk. The recog- 
nition of the five classes of milk based on flavor, namely; excellent, good, 
fair, poor and bad seems particularly helpful. 

6. The chart is conducive to a “ flavor consciousness" among men who 
are interested in problems relating to milk, such as college and short course 
students and plant men. 

7. It proves somewhat fascinating because it depicts graphically infor- 
mation desired by men of the types named above, most of whom are eager to 
acquire some proficiency in scoring milk. 

8. The use of the chart has proved an asset in giving instruction in milk 
judging. 



THE EFFECT OF ALFALFA HAY ON MILK F LAV OR 

EARL WEAVER, A. II. KUHLMAN, AND E. L. FOUTS 
Oklahoma Agrwultural Experiment Station, 

Stillwater, Oklahoma 

Many workers have called attention to the fact that the feed a cow re- 
ceives may have a pronounced effect on the flavor of the milk. Particular 
attention lias been directed toward the dangers in using the succulent feeds. 
Peculiarly enough the injury to milk flavor that is caused by alfalfa hay 
seems in many cases to have escaped notice. Some investigators, in ascer- 
taining the effects of various succulent feeds on milk flavor, have even used 
alfalfa hay in the check rations apparently in the belief the hay exerted no 
effect. On the other hand, Roadhouse, Regan and Mead (1), in 1926, recog- 
nized that alfalfa hay exerted an effect on milk flavor. They mentioned its 
effect was less pronounced than when the alfalfa was used as pasture or 
silage. Also Lucas (2), in 1929, said, “Alfalfa hay gives to milk a rather 
pronounced flavor but it is objected to by only a very few people.” 

Probably others botli in research work and dairy practise have observed 
the effects of alfalfa hay on milk flavor but like Lucas considered these 
effects of little consequence or in a desire to avoid any criticism of alfalfa 
as a dairy feed deliberately omitted comment on their observations. 

The interest of the authors in ascertaining the effect of alfalfa hay on 
milk flavor was prompted by two incidents. One of the better milk plants 
in Oklahoma had during 1931 encountered feed flavors, the source of which 
seemed to be alfalfa hay. Reluctance was felt in granting that this feed 
might cause as serious defects as were observed but a study of the question 
seemed justified. 

At about the same time there was under way at this station a feeding 
trial in which mungbean hay was compared with alfalfa hay to determine 
their values in milk and butterfat production. Churnings were made of 
cream produced on each feed to determine the effect of the mungbeans on 
the quality of the butter. It was observed that the butter from the alfalfa 
hay rations carried a distinct feed flavor while that from mungbean hay 
failed to show the flavor and invariably received higher scores. 

PROCEDURE 

During the winter of 1933-34, we conducted a trial to determine the 
effect upon milk flavor of varying quantities of alfalfa hay fed at varying 
time intervals before milking. Twelve cows were used. They were kept in 
adjoining experimental stanchions except for five or six hours daily when 
they were kept in a dry lot. They were fed alfalfa hay and a concentrate 

Received for publication September 17, 1934. 
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mixture consisting, by weight, of 4 parts corn, 2 parts oats, 2 parts bran 
and 1 part cottonseed meal. Some of the cows received no succulent feeds, 
others received mangels and others darso silage. 

The alfalfa hay used was grown locally and was fed from the bale. 
It was described as No. 1, leafy, fine, quite green and free from foreign 
matter. The interval before milking at which the hay was fed varied 
from one-half to seven hours. In this work involving the time interval 
four pounds of hay was always used as a standard quantity because it was 
about the proper amount for one feeding for the smaller cows weighing 
approximately 800 pounds. In the work wherein the quantity of hay was 
varied two, four and six pound quantities were fed at a uniform interval 
of one hour before milking. 

The concentrate mixture was fed all cows just before the first cow in 
the string was milked. The mangels or silage was fed each cow imme- 
diately after she was milked. 

The cows were milked twice daily by one man who seldom varied by 
as much as two minutes from his scheduled time for each cow. This close 
adherence to the milking schedule made it possible to devise a hay feeding 
schedule to provide the desired interval between feeding and milking. 

The work on this problem was restricted entirely to the evening milk- 
ings which started at 3 : 45 p. m. As each cow was milked her milk was car- 
ried to the milk room. A sample was strained into a 10-ounce bottle. The 
bottle was capped and cooled down in tap water with frequent shaking to 
about 50° F. When all cows were finished at about 5:25 p. m., the samples 
were removed from the water and placed in the refrigerator at 40° F. till 
the next day at 8:00 a. m. when they were heated to about 95° F. and 
scored for flavor. The samples, identified only by number, were scored by 
six members of the staff. On the score card for milk 25 points are allowed 
for a perfect flavor. 

RESULTS 

The Interval Between Feeding and Milking 

In this work, 32 samples from each cow were scored by six staff mem- 
bers which gave 72 observations on each cow or a total of 864 observations 
on the entire 12 cows. In table 1 are shown the average scores on all cows 
by individual judges and in the right-hand column the composite scores 
by all the judges. 

The data in table 1 reveal considerable uniformity among the staff mem- 
bers in scoring the samples. Without exception the check samples — in the 
first line when the cows were fed hay after milking — scored highest. With 
four of the judges the milk collected after the 2-hour interval scored lowest. 
All judges’ scores were quite consistently higher as the interval was pro- 
longed beyond 2 hours. 
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TABLE 1 

Scores by individual judges on all the cows' milk when alfalfa was fed 


INTERVAL BEFORE 



•i i'jmje’s 

INITIAL 



ALL 

MILKING 

F 

[ Ku 

w 

M 

Ke 

U 

JUDGES 

Fed after 

21.9 

22 2 

22 3 

21.9 

21.9 

21.4 

21.9 

$ hour 

19.9 

19.0 

19.9 

i ]9 - 7 

19.4 

j absent 

19.6 

1 hour 

18.8 

18.3 

18.5 

| 18.5 

19.2 

| absent 

18.7 

2 hours 

18.3 

17.9 

18.9 

17.7 

J9.0 

18.9 

18.5 

3 hours 

19.3 

18.8 

19.8 

19.0 

19.5 

18.9 

19.2 

4 Hours 

20.0 

19.9 

21.0 

20.8 

19.8 

20.9 

20.4 

5 hours 

21.2 

21.0 

22.0 

21 .6 

20.3 

21.6 

21.3 

6 hours 

21.2 

21.6 

21.7 

21.5 

20.9 

21.1 

21.3 

7 hours 

21.1 

21.9 

21.8 

21.5 

20.6 ' 

21.0 

21.3 


The feeding of four pounds of hay one-half hour before milking de- 
creased the scores from 21.9 to 19.6. The milk flavor was seriously affected. 
The 2-hour interval gave the lowest scores of all. This observation is in 
agreement with that of Roadhouse, Regan and Mead. Alfalfa hay exerts 
its worst effect if fed at this interval. Beyond the 2-hour interval the scores 
increased to 21.3 at the 5-hour interval and remained at that point for the 
6- and 7-hour intervals. 

The failure of the scores after the longer intervals to regain the level of 
the check samples is noticeable. In scoring these samples the judges were 


table a 

Scores by all judges on milks of individual Uolstems when alfalfa was fed 


INTERVAL BEFORE 


row '« 

NUMBER 


ALL FOUR 

MILKING 

1 

o 

3 

4 

UOLNTEINS 

Fed after 

22 6 

oo x 

OO Jj 

21.6 

oo o 

i hour 

21.0 

22,4 

20.4 

20.6 

21.1 

1 hour 

21 2 

21.0 

19.0 

18.8 

20.0 

2 hours 

21.2 

21.3 

19.5 

18.7 

20.8 

3 hours 

„ 20.5 

oo O 

19.2 

21.0 

20.7 

4 hours 

21.8 

OO 

22.3 

22.0 

22.1 

5 hours 

21.0 

21.8 

21.2 

22.6 

21.7 

6 hours . 

21.7 

21.7 

22.8 

21.6 

22.0 

7 hours 

21.8 

21.7 

22.4 

21.8 

23.9 
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extremely alert to any indication of a feed flavor. With some of the cows 
the effect of the alfalfa hay was entirely eliminated when fed four hours 
before milking. With other cows a slight off-flavor persisted in milk drawn 
even as long as seven hours after feeding. However this slight flavor was 
scarcely discernible; only a very small percentage of persons would detect 
it. 

When the first scoring was done it became apparent that the large Hol- 
stein cows in the trial showed far less effect from the four pounds of hay 
than the smaller Jerseys. There were four purebred Holsteins and three 
purebred Jerseys. The remaining five cows in the trial consisted of two 
purebred Guernseys and three grades intermediate in body weight between 
the purebred Holsteins and J erseys. 

Table 2 shows the response of the Holsteins to the feeding of the hay. 
Table 3 gives corresponding data for the Jerseys. 


TABLE 3 

Scores by all judges on milks of individual Jerseys when alfalfa was fed 


INTERVAL BEFORE 
MILKING 

I COW’S NUMBER 

ALL THREE 
JERSEYS 

8 

9 

10 

Fed after 

22.0 

22.6 

22.1 

22.2 

i hour 

18.2 

18.2 

17.8 

18.1 

1 hour 

19.0 

17.6 | 

16.4 

17.7 

2 hours 

17.2 

16.0 ; 

16.8 

16.7 

3 hours 

17.0 

17.7 

17.0 

17.2 

4 hours 

18.0 

20.3 | 

18.2 

18.8 

5 hours 

22.8 

20.5 

19.5 

20.9 

6 hours 

21.2 

21.5 | 

20.8 

21.2 

7 hours 

22.5 

j 21.8 

21.0 

21.8 


From tables 2 and 3 it is observed that the check samples from the Hol- 
steins and the Jerseys scored exactly the same, 22.2 points. After the one- 
half hour interval the Holstein scores dropped only 1.1 points to 21.1. The 
Jerseys dropped 4.1 points to 18.1. Also the Holsteins showed the lowest 
score after the 1 hour interval while the Jerseys showed the lowest score 
after the 2 hour interval. With the Holsteins the nylk obtained after the 
4 hour interval or later was scored practically as high as the check samples, 
while the Jerseys still showed a slight effect on their milk even after the 7 
hour interval. The flavor score of the milk from the Holsteins never 
dropped below 20.0. That of the Jerseys went as low as 16.7. 

In the absence of a definite explanation of the difference in behavior 
between the two breeds, the conjecture is offered that this difference is 
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largely a matter of body weight. The four pounds of hay for the 1400- 
pound Holsteins is relatively less significant than for the 800-pound Jerseys. 
On the other hand, some additional factors may be involved. It is possible 
the Jersey milk because of its higher fat percentage carries more of the feed 
flavor than Holstein milk. Also there is the possibility the Jersey naturally 
produces milk with a higher flavor. Further attention is being devoted to 
this particular phase of the problem. 

AERATION AND COOLING 

In such a problem as this involving a study of milk flavor interest arises 
in the possibility of removing the flavor by aeration or cooling or both pro- 
cedures. Some study has been directed along these lines. Cooling without 
aeration apparently was ineffective in removing the flavor. Aeration alone 
accomplished fully as much benefit as combined aeration and cooling, but 
even the aeration did not remove all the flavor. 

It has been possible by aeration as well as by combined aeration and cool- 
ing to secure milk which scores about mid-way between the cheeks— those 
having no feed flavor — and the feed-flavored milk that was neither aerated 
nor cooled. In other words, the aeration removes about one-half the flavor 
imparted to milk by the hay. 

FLAVOR SCORES WITH ALFALFA HAY AT VARY IN G INTERVALS 

FOUR POUNW OF HAY USED 


t HOURS BEFORE MILKING 



THE 3 PB JERSfYi AVF VT 812 POUNDS 



Pig. 1. Effect on Milk Flavor of Four Pounds of Alfalfa Hay Fed at Varying 
Intervals Before Milking. 

The results in all three of the tables given above are more readily appar- 
ent when the data are plotted as in figure 1. The top curve in this figure 
shows the scores on all 12 cows in the trial. It is plotted from the values 
in the right-hand column in table 1. The middle curve in the figure repre- 
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sents the data on the Holsteins from table 2 and the bottom curve on the 
Jerseys from table 3. 

IDENTIFYING THE ALFALFA FLAVOR 

We have been impressed with the fact the alfalfa hay imparts a charac- 
teristic flavor. With even slight experience one is able to distinguish the 
flavor from the silage or pasture flavor. Though the flavor is pronounced 
it was confused with “cowy M when first encountered at the start of the 
trial. As now recognized after considerable experience the milk carrying 
the alfalfa flavor gives a slightly sweet sensation when first taken into the 
mouth. Then a slight bitter or acrid taste appears and it persists for a few 
minutes even after the mouth is rinsed with warm water. There is some 
analogy between this flavor and that obtained from tasting good alfalfa hay. 
The odor as well as the taste is pronounced. 

COMPARISON OF ALFALFA HAY AND SILAGE 

In a trial in which darso silage instead of alfalfa hay was studied results 
were secured that were quite unexpected. The darso silage in 12-pound 
quantities was consistently less offensive in producing off-flavors in the milk 
than was the alfalfa hay in 4-pound quantities. 

HAY FED » HOUR BEFORE MILKING 



Fig. 2. Effect on Milk Flavor of Varying Amounts of Hay Fed One Hour 

Before Milking. 
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The darso silage, while characteristic ot* this type of silage, was not of 
the quality that is found in good corn silage. It lacked the desired sharp 
odor of silage; it was also lighter and more Huffy. Possibly these reasons 
explain why it did not give as serious defects to the milk as did the hay. 

It was of interest to observe that mangels in quantities of 20 to 
35 pounds caused no injury 1o the milk flavor. 

TIIE QUANTITY OF HAY FED 

In this work some attention was devoted to the effects of different 
amounts of alfalfa hay on the milk flavor. Quantities consisting of two, 
four and six pounds were fed otie hour before milking. Figure 2 gives the 
results secured in this phase of the trial. 

From figure 2 it is observed that the 2-pound quantity of hay decreased 
the flavor score noticeably. The larger quantities occasioned further reduc- 
tion in the scores but not in direct proportion to the amounts. Here, as in 
figure 1, it is observed that the Ilolsteins show far less effect than 
the Jerseys. 

CONCLUSIONS 

1. Alfalfa hay fed less than four hours before milking has a pronounced 
effect, on milk flavor This effect is observed even when the interval 
between feeding and milking is only one-half hour. The 2-hour interval 
causes the most serious llavor in the milk. 

2. If the hay is fed as long as four hours before milking the flavor is 
entirely eliminated with some cows. With other cows it is so reduced as to 
be scarcely discernible. 

3. The same precautions should be used in feeding alfalfa hay as are 
recommended for such feeds as silage; it should be fed after milking or at 
a sufficient interval before so that its possible effect on the milk flavor will 
have been eliminated. 

4. The intensity of the alfalfa flavor in the milk increases as the amount 
of hay fed the cow is increased. 

5. The effect of the hay on the milk flavor is considerably less serious 
with Holsteins than with Jerseys. 

6. Aeration of the milk removes some of the flavor but does not entirely 
eliminate it. Cooling seems to be ineffective. 

7. The effect of alfalfa hay is far more serious than that of darso silage. 
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THE PREPARATION AND NUTRITIVE VALUE OP A.I.V. 
SILAGE FOR DAIRY COWS* 


W. H. PETERSON, G. BOIISTEDT, II. R. BIRD, and W. M. BEESON 
College of Agriculture , Madison , Wisconsin 

LITERATURE REVIEW 

During the last few years a number of attempts have been made to 
perfect improved methods of ensiling fodder. For the most part these 
efforts have been directed toward the prevention of losses of nutrients, the 
prevention of the formation of objectionable substances in silage and toward 
the ensiling of crops which because of high protein content or other feature 
have not been customarily ensiled. Methods have been suggested by 
Holken (1) and others for the application of heat from the outside or for 
the regulation of the amount, of heat developing within the silage. Gorini 
(2) has obtained good results with this latter method. The object of heat- 
ing is to produce a temperature favorable for the development of lactic acid 
bacteria but unfavorable for objectionable forms. 

Considerable work has been directed toward overcoming the difficulties 
involved in ensiling legumes. In general protein decomposition is the 
greatest obstacle to such a practice, involving as it does, a loss of valuable 
nutrients and the production of compounds such as ammonia which are 
undesirable from the standpoint of odor and palatability. Schieblich (3), 
Sliutt (4), and Wright and Shaw (5) have reported favorably on the prac- 
tice of wilting legume crops before ensiling. Neal and Becker (6), Rags- 
dale and Turner (7), and Westover (8) were able to prepare good legume 
silage without wilting; but the loss of crude protein as reported by Neal and 
Becker was 34 per cent. Various substances have been added to legume 
crops during the process of ensiling in order to hasten lactic acid production 
and so to inhibit proteolytic enzymes of both plant and bacterial origin. 
Kuchler and Wachter (9), Shutt (4), and Schmidt (JO) have tested the 
efficacy of these methods. 

Rapid formation of lactic acid, although desirable from the standpoint 
of protein preservation, involves necessarily the destruction of a part of 
the carbohydrate content of the silage. In order to prevent this as well as 
to insure complete preservation of proteins Virtanen (11-17), has worked 
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out a method of silage preservation entailing the addition of acids or acid 
compounds to the green fodder. Various mixtures of HC 1 and H.J8O4 may 
be used, and the mineral acids may be replaced by other compounds such 
as lactic acid, NaIIS0 4 , S 2 0,C1„ SOCL, S0 2 C1 2 , and C1IIS0 3 . The acid is 
sprinkled on the fodder in sufficient quantity to produce a pH of from 3.6 
to 4.0. According to Virtanen, fodder with a pH of less than 3.0 is unsuit- 
able for consumption, and if the pH is above 4.0 proteolysis and deamina- 
tion take place with consequent loss of feeding value. It is claimed for this 
method that it checks plant cell respiration and bacterial activity, inhibits 
proteolysis, preserves soluble carbohydrates, carotene, and vitamin C, and 
prevents losses due to poor weather conditions at the time of harvesting the 
crop. Virtanen states that silage prepared according to this method con- 
tains from 0.52 to 0.80 per cent of lactic acid on the fresh basis and from 
0.28 to 0.38 per cent acetic acid. When clover silage was preserved at a pH 
of 3.7, there was no increase in water soluble nitrogen or ammonia nitrogen ; 
however, if the pH was 4.1, tlio ammonia nitrogen increased to 12 per cent 
of the total nitrogen, and the water soluble nitrogen increased from 26 to 
44 per cent of the total nitrogen. There was no appreciable loss of carotene 
and only 50 per cent destruction of vitamin C, which, as is well-known, is 
completely destroyed in the process of making hay. 

Legume silage prepared in this way, because of its relatively high pro- 
tein content, has been substituted with good results for part or all of the 
concentrates of a winter ration. Th$ possibility of thus eliminating high- 
priced concentrates is of considerable importance. According to Virtanen, 
cows receiving such a winter ration maintained their butt erf at production 
at summer levels and the butter made from their milk simulated summer 
butter, having a higher carotene content and a higher iodine number than 
ordinary winter butter. The cows manifested no ill effects due to the acid, 
either from the standpoint of general condition or from the standpoint of 
the ash content of the bones and other organs. In order to compensate for 
the mineral acid added to the forage, chalk should always be included in 
the ration. 

This method of preserving fodder has been named the A.I.V. method 
after Professor A. I. Virtanen, its sponsor and originator. It has found 
widespread use in Finland and Sweden and is protected by patents in those 
countries and in the United States, Canada, and Great Britain. 

Sjoberg and Kohler (18) investigated the A.I.V. method of preserving 
cabbage leaves with II Cl. The lowest pH attained was 3.8, and they found 
that at this acidity there was a very slight loss of carbohydrate . and of 
protein, but no appreciable amounts of ammonia or organic acids were 
produced. A pH of 4.5 was sufficiently low to suppress completely the 
formation of butyric acid. 
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Other methods of preserving fodder by the addition of acid have been 
described by Gerlach (39) and Ruse liman n (20), but neither of these has 
come into such general use as lias Virtanen’s method. 

The experiments described herewith were undertaken for the purpose 
of investigating various aspects of the A.I.V. method, particularly with 
reference to the preservation of protein and carotene, the presence or 
absence of fermentative changes, t he effect upon cows of feeding the silage 
as part of a winter ration, and the adaptability of the method to conditions 
of silage making in this country. 

PART I. PREPARATION AND COMPOSITION OF SILAGE 
Filling of Silo 

Three lots of silage were put up, designated as Alfalfa 1, Alfalfa II, 
and Soy Beans, and consisting respectively of 11.2 tons, 17.1 tons, and 
9.7 tons. The amounts of acid to be added were determined according to 
the procedure described by Virtanen. Representative samples were taken 
from the field a day or two before filling the silo and chopped up. Each 
of three 200 gram samples was then ground in a mortar with about 100 ee. 
of distilled water. To the three samples were added respectively 6, 12, 
and 18 ee. of 2 N acid. The plant material and acid were thoroughly mixed 
in the mortar and then transferred with as little water as possible to glass 
jars in which the acidified plant material was pressed down by means of a 
bottle filled with water and allowed to stand for 24 hours. After this length 
of time each sample was thoroughly mixed in a large evaporating dish, part 
of the juice was pressed out, and the pH of the liquid w r as determined by 
either the quinhydrone or the glass electrode. If none of the three samples 
gave exactly the desired pH, the pH values w T ere plotted against amounts 
of acid added ; and from the curve, which is practically a straight line, the 
amount of acid necessary to produce a pH of 3.5 was determined. This 
amount w f as increased by 10 per cent to provide a margin for errors in 
sampling. As may be seen from table 1, the amount of acid required 


TAULE 1 

Quantity and cost of acid used per ton of silage 


ITU MS 

ALFALFA 1 

ALFALFA 2 

SOY 1JKANS 

2 N acid, HC1 -II b S0 4 , 1. 

90 

120 

100 

Commercial HC1, 18° Bo, lbs. 

30.5 

48.2 

40.2 

“ H 2 S0 4 , 65° Itf, lbs. 

8.6 

9.7 

7.9 

HC1 

II, so.’ mo,s 

2.75 

3.92 

, 3.92 

Cost of HC1, cts.* 

48.8 

77.2 

64.3 

“ “ H 2 80 4 , cts.* 

13.7 

15.5 

12.6 

Total cost of acid, cts.* 

62.5 

92.7 

76.9 


' Prices as quoted in Oil, Paint and Drug Reporter , July 30, 1934. 
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varied considerably, this variation depending upon the state of the crop 
when ensiled. The second lot of alfalfa was more mature than the first, 
which probably explains the higher acid requirement. 

The addition of the acid was accomplished by various methods. In the 
case of the first lot of alfalfa, the acid was hoisted to the top of the silo in 
20 liter bottles and siphoned out, or forced out with a small air pump, 
through a sprinkler onto the alfalfa which was run into the silo through a 
cutter in the usual way. In the case of the second lot of alfalfa, due to the 
proximity of the silo to an elevated driveway, it was possible to mix the 
acid at the top of the silo and siphon it into the silo. The alfalfa was not 
cu,t up and blown into the silo but was pitched in from the top. These 
conditions could not ordinarily be duplicated except by the use of a pit silo 
such as is employed in Finland. This lot of alfalfa and the soy beans were 
put up under the supervision of Mr. D. L. Rosenquist of the V alio Labora- 
tories, Helsinki, Finland. The acid applied to the soy beans, which were 
cut up as was the first lot of alfalfa, was pumped to the top of the silo 
through a garden hose by means of an electrically-driven centrifugal pump. 
The stream of acid was delivered to the mouth of the blower pipe so that it 
was mixed thoroughly with the cut fodder emerging from the pipe. The 
proportions of hydrochloric and sulfuric acids were varied as indicated in 
table 1. From the standpoint of economy it is best to use as high a pro- 
portion of H 2 S0 4 as possible ; but from the standpoint of feeding, it is not 
desirable to have too great a quantity of sulfates in the silage. 

The most important factor in determining the cost, however, is the 
quantity of acid required. The lowest figure in table 3, 62.5 cents per ton, 
corresponds to an application of 90 liters. It is probable that in many 
cases, e.g., with more succulent materials, the quantity of acid and hence 
the cost could be reduced. The cost would also vary with the quantity of 
acid purchased in a single order. The prices used in calculating the figures 
given in table 1 were those quoted for lots of 25 carboys or more, 'viz., $1.60 
per 100 lbs. for both commercial muriatic acid and commercial sulfuric acid. 

The first lot of alfalfa and the soy beans were covered with layers of 
corn silage about 2 feet thick. The second lot of alfalfa was covered as 
recommended by Virtanen. Double portions of acid were added to the last 
1000 pounds of fodder, and to the last portion of acid was added about 
100 cc. of a mustard oil emulsion in order to prevent mold growth. The 
surface of the silage was covered with tar paper on top of which was placed 
a 4 inch layer of moistened shavings and an 18 inch layer of soil. 

The silo in which the second lot of alfalfa was ensiled was provided with 
a drain so that the liquid draining to the bottom could be removed, col- 
lected, and analyzed. 

The fresh plant material and the silage ‘were analyzed for dry matter, 
total nitrogen, total water soluble nitrogen, amino nitrogen, ammonia nitro- 
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gen and carotene. To a limited extent the bacterial population and the 
organic acid content of the silage were also investigated. 

Composition of Silage 

The losses from the second lot of alfalfa silage by drainage of juice are 
set forth in table 2. It may readily be seen that the losses of dry matter 


TABLE 2 

Losses from alfalfa silage Si by drainage of juice * 



DRY MATTER 

NITROGEN 

2 N ACID 


leg. 

leg. 

liters 

Silage 

5030 

153 

2075 

Lost in drainage juice 

89.2 

1.40 

237 

Percentage loss 

1.77 

0.91 

11.4 


* Total volume of drainage juice was 1,476 liters. 


and of nitrogen in this way were negligible. The loss of acid, expressed in 
liters of 2 N acid, corresponded quite closely to the 10 per cent excess of 
acid added to allow for this loss. As might be expected, the first juice to 
drain out was the most acidic, having a pH of 1.37 ; whereas the last to 
drain out, 13 days after the filling of the silo, had a pH of 3.73. 

Tables 3 and 4 show some of the changes occurring in plant tissue when 
preserved as A.I.V. silage over a period of 4J to months. It was of 
course impossible to obtain a single sample representative of the contents 
of the silo as a whole and this fact together with the possibility of drainage 
downward of acid and of soluble nitrogen compounds probably accounts for 
the variable results obtained on different samples from the same silo. The 
high content of water soluble nitrogen would increase the possibility of 
downward movement of nitrogen. In this connection it should be men- 
tioned that the low pH value of 2.1 recorded for the soy beans and the high 
figure for ammonia nitrogen recorded for the second lot of alfalfa were both 
obtained on samples taken from near the bottom of the silo. The pH 
values, except that mentioned above correspond fairly well with Virtanen’s 
recommendations. The nitrogen analyses show marked increase in water 
soluble nitrogen and amino nitrogen, but no significant amounts of ammonia 
were found. Even in the above mentioned case, the second lot alfalfa 
sample, taken from near the bottom of the silo, contained only 0.1 per cent 
of ammonia nitrogen. The marked increases in water soluble nitrogen are 
not in accord with the results obtained by Virtanen who found, as stated 
above, that when the pH was 3.7 there was no increase in water soluble 
nitrogen. The pH was higher than this in the second lot of alfalfa, which 
fact would explain the difference in this case, but this explanation does not 
apply to the other two silages. The increases in water soluble nitrogen 
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Analyses of 2—4 samples from various depths in silo. 
These figures are low because of incomplete extraction. 
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TABLE J 

Nitrogen distribution in fresh plant material and silage 



TOTAL 

NITROGEN 

WATER 

SOLUBLE 

NITROGEN 

AMINO 

NITROGEN 

AMMONIA 

NITROGEN 


% 

% 

% 

% 

Alfalfa 1 





Plant material 

100 

i 30.9 

14.6 

1.09 

Silage 

100 

1 44 9 

18.4 

1.15 

Alfalfa 2 





Plant material 

100 

1 14.7 

0.25 

0.21 

Silage 

100 

35.4-44.4 

14.1-23.8 

l 20-3 12 

Soy Iteans 





Plant material 

100 

20.0 

9.88 

0.02 

Silage 

100 

34.9-35.1 

14.7-1(5.5 

0.58-1.07 


TAIJLE 5 

Data on fermentation in silage 



ORGAN- 


ORGXMP AGIOS, 

FRESH HAS IS 



ISMS PER 
AM. OF 
SILAGE 

Volatile, 
as aeelie 

Non- vola- 
tile as 
lactie 

Luetic 

Total, 
as lactic 


millions 

% 

% 

% 

% 

Alfalfa 1 






After 2 
weeks 

8 




1.10 

Alfalfa 2 






After 5 
months 

1.2 

0.70 

1.72 

0.940 

2.70 


and amino nitrogen are probably not of very serious consequence since 
increases in these forms of nitrogen do not necessarily mean decreased 
feeding value; whereas an increase in ammonia nitrogen detracts from 
both palatability and feeding value, since ammonia is unavailable to the 
animal. 

Increases in the carotene content of the silage as compared with the 
fresh plant material were obtained consistently, and the increases were 
quite significant in most cases. These increases were very puzzling until 
after the experiment was completed— when it was found that treatment of 
fresh plant tissue with acid for 24 hours increased the carotene values 
markedly. It appears then that these apparent increases may be due merely 
to the action of the acid in increasing the extractability of the carotene. 

The data on fermentation in the silage (table 5), though fragmentary, 
indicate that bacterial changes are by no means entirely suppressed. The 
bacterial count of 8 million organisms per gram obtained on the first lot of 
alfalfa two weeks after ensiling, while not an exceptionally high count, indi- 
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cates considerable bacterial growth. The later count made on a sample from 
the second lot of alfalfa 5 months after ensiling shows that a considerable 
number of microorganisms persisted even after this length of time. The 
amounts of volatile and non-volatile acids are approximately those found 
in ordinary silage. However, only the volatile and lactic acids should be 
attributed to fermentation process. The difference between non-volatile 
acid and lactic acid (0.67%) probably represents plant acids present in 
the original green alfalfa. The 0.946 per cent of lactic acid is somewhat 
in excess of the 0.52 to 0.80 per cent reported by Virtanen. Since the pH 
of the second lot of alfalfa silage ranged from 3.9 to 4.2, these results 
perhaps should not be compared with those of Sjoberg and Kohler who 
found that no appreciable quantities of organic acids were formed in cab- 
bage preserved at a pH of 3.8. Factors other than acidity, as for instance 
the chemical and physical characteristics of the plant material, probably 
account for this great difference in organic acid content of silages differing 
only slightly in pH. The relatively high organic acid content of this lot 
of silage might well be expected on the basis of the rather large amount of 
bacterial activity indicated by the bacterial counts. 

PART II. FEEDING EXPERIMENT 

Rations and Feeding of Animals 

Two lots of five dairy cows each were used in a double reversal feeding 
trial which extended over a six week fore-period, a seven week A.I.V. 
period, and a seven week after-period. During the control periods Lot I 
(three Holsteins and two Guernseys) was fed a grain mixture consisting of 
equal parts of corn and oats, plus alfalfa hay and corn silage, while Lot II 
(two Guernseys, two Jerseys and one Brown Swiss), received a grain mix- 
ture, 40 per cent corn, 25 per cent oats, 20 per cent gluten meal, and 15 per 
cent linseed meal, plus timothy hay and corn silage. A pound of grain 
was fed for every 3^ pounds of milk produced and 1 pound of hay and 3 
pounds of corn silage per 100 pounds of live weight. In the A.I.Y. silage 
period all cows received a 50 : 50 corn-oats mixture, half the former amount 
of alfalfa or timothy hay, no corn silage and A.I.V. alfalfa silage ad libitum . 
Approximately one per cent of iodized salt was added to the grain mixtures. 
In order to compensate partially for the high acid intake on the A.I.V. 
ration, 4 ounces of CaCO s were fed daily in the grain mixture of each cow. 
Accurate records were kept of the amount of feed consumed, weight of cows, 
and milk and butterfat produced. 

Lots I and II were not set up for the purpose of comparing one with 
the other but were conveniently divided in that manner because of the 
regular feeding schedule in use with the university herd. The cows in Lot 
I had been receiving alfalfa hay as their dry roughage prior to the begin* 
ning of the experiment, while the cows in Lot II had been getting timothy 
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hay. The cows were stall fed and had access to drinking water at all 
times. 

At the beginning of the A.I.V. period the cows did not relish this higher 
acid taste, but, by increasing gradually the amount of A.I.V. silage fed, at 
the end of two weeks they were consuming from 30 to 50 pounds daily. On 
an average the cows consumed 50 per cent more A.I.V. silage than corn 
silage on the dry matter basis due to the fact that they were receiving only 
half as much hay. After the first two weeks of feeding none of the cows 
indicated an apparent dislike for this new type of silage. However, the 
feces of the cows on A.I.V. silage became very soft simulating the droppings 
of animals on pasture, a condition which was particularly noticeable in the 
group receiving timothy hay. 

Effect on Milk Production 

Butterfat and milk production records indicated that the feeding of 
A.I.V. silage did not appear to have any unusual influence on milk produc- 
tion as the lactation curves from the two groups of cows appear to be ap- 
proximately normal (Figure 1). However there were some irregularities 



Fig. 1. Effect of A.I.V. Alfalfa Silage on Milk Production 


in the production curves during A.I.V. feeding which were probably due to 
the low intake of the silage during the adjustment period. A seven-week 
trial does not present enough data to be conclusive as to its effect on milk 
production. This can only be answered by experiment of longer duration, 
such as an entire lactation period. 
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Effect on the Carotene and Vitamin A Control of Butt erf at 

Individual butter samples were prepared from a composite 24 hour 
milk sample of cows of the same breed at definite intervals during the three 
periods. Both carotene and vitamin A content of the butter samples were 
determined spectroscopically by methods previously described (21, 22). 
These analyses indicated a definite increase in both carotene and vitamin A 
with the inclusion of A.I.V. silage in the ration (Figure 2). In most cases 



Fig. 2. Influence of A.I.V. Silage on the Carotene and Vitamin A Content of 
Milk and the Carotene Content of Blood Plasma (Average 
from Ten Cows of Various Breeds) 


the maximum content of both of these components was reached in 4 weeks. 
This was a somewhat slower increase than we have fouild with cows on 
pasture (21), but it is probably due to the low intake of silage during 
the first two weeks of feeding. An average of the carotene for ten cows 
during the control period gave a value of 4.2 micrograms of carotene per 
gram of butterfat with an increase to 6.8 micrograms per gram during the 
A.I.V. period. Vitamin A analyses showed an average value of 4.0 micro- 
grams per gram of butterfat for the control period and a definite rise to 9.0 
micrograms per gram in the A.I.V. period. Both carotene and vitamin A 
indicated a definite drop within two weeks after the A.I.V. silage was dis- 
continued, and were definitely at the control period level after seven weeks. 
The changes in carotene and vitamin A are shown more clearly by com- 
paring the differences within the same breed. It was found in this study 
as well as in previous work (21) that the Holstein milk is high in vitamin 
A and low in carotene, Guernsey milk is low in vitamin A and high in caro- 
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tene, and milks from Jerseys and Brown Swiss occupy intermediate 
positions. Therefore when the results w T ere averaged the breed differences 
in these components tended to neutralize the changes. 

Although the feeding of A.I.V. silage gave a definite rise in both caro- 
tene and vitamin A, the values obtained were not so high as those obtained 
by a previous study with cows on pasture (21). A.I.V. silage gave a value 
of 9.5 micrograms per gram for the carotene of Guernsey butterfat, while 
the same cows on pasture yielded a butterfat with 17.0 micrograms of 
carotene per gram. The vitamin A of the Holstein butterfat w r as increased 
from 10 to 15 micrograms per gram by pasture feeding. The other breeds 
showed similar differences between A.I.V. and pasture feeding in both 
carotene and vitamin A (Table (j). These differences were no doubt due 

t aisle r. 

Effect of Winter ration, A.J.V . sdape ration, and pasture on the carotene and vitamin A 

content of butterfat 
{In micro prams per pram of butterfat) 


miKKD 


CAROTKNR 


VITIM IN \ 

Winter 

ration 

180 

days 

~ A I.V. 
alfalfa 
sijage 

40 (lays 

Pasture 

20 

days* 

Winter 

ration 

180 

days 

A I V. 
alfalfa 
silage 

19 days 

Pasture 

20 

days* 

Guernsey 

0.0 

9 

17.0 

2.9 

8.5 

8.7 

Holstein 

3.5 

5.4 

6.6 

1 

4.0 

10.0 

15.0 

,J ersey 

3.7 

7.1 

10.7 

3.1 

7.7 

10.2 

Brown Swiss 

3.4 

r> o 

! »•* 

5.8 

9.7 

12.6 

Ave. ! 

4.2 

6.8 

i 11 0 

i 4.o 

9.0 

11.6 


* These results were taken from analyses of butters from various breeds within the 
herd prior to this experiment. 

in part to a lower consumption of A.I.V. silage than pasture, thus result- 
ing in a lower carotene intake. The lower consumption of A.I.V. silage 
as compared to pasture may be partly attributed to the fact that the cows 
were receiving hay with A.I.V. silage, while the pasture cows received no 
dry roughage. 

Studies on the carotene content of the blood plasma paralleled the in- 
creases in the butter (Figure 2). The average carotene content of the 
plasma on a normal ration was 5.2 micrograms per cc. with a definite 
increase to 9.6 micrograms per cc. on the A.I.V. ration (Figure 2). 

Balance studies on the total carotene intake in the feed and the total 
carotene and vitamin A output in the milk indicated that approximately 
doubling the carotene consumption due to A.I.V. feeding also doubled the 
total vitamin A content of the milk (Table 7). Expressed in terms of total 
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TABLE 7 

Carotene balance of cows on herd and A.I.V. ration 
(, Average carotene intake and output per animal ) 



j LOT I | 

LOT 

n 

Herd 

ration 

A.I.V. 

ration 

Herd 

ration 

A.I.V. 

ration 

Carotene in 10 lbs. grain, mg.* 

10 

9 

18 

8 

Carotene in roughage, mg. , 

347 

552 

180 

502 

Total carotene fed daily, mg. t 

357 

561 

298 

510 

Total vitamin A output daily t 

6,644 

11,389 

5,894 

10,785 


# Carotene content per pound was as follows : grain mixture of Lot I 0.091 mg. ; 
grain mixture of Lot II 1.8 mg.; alfalfa hay 11.5 mg.; timothy hay 2.1 mg.; corn silage 
5.9 mg.; and A.I.V. alfalfa silage 13 mg. 

1 1 mg. of carotene is equivalent to 1000 International rat units of vitamin A. 

t International rat units of vitamin A. 

international units of vitamin A produced on an average by each cow, our 
figures showed that during the control period the cows secreted in the milk 
on an average 6,269 units of vitamin A per day and on the A.I.V. ration the 
figure was raised to 11,087 units. Calculations of the intake and output of 
carotene in the same units showed that the animals received an enormous 
excess of carotene over the amount secreted. On both rations only 2 per 
cent of the ingested carotene of the feed appeared in the butterfat. Ordi- 
narily an increase in the carotene ingested decreases the percentage absorbed 
(21), but with the addition of A.I.V. silage to the ration this did not appear 
to be the case. There is evidently a tremendous amount of the ingested 
carotene unabsorbed, or some of it is destroyed by certain acids and micro- 
organisms (24, 25). Furthermore all the carotene absorbed is not secreted 
in the butter but may be either stored in the tissues, utilized directly by the 
tissues, or converted into vitamin A. A study of the actual percentage of 
ingested carotene utilized by the cow would no doubt yield interesting 
results. 

Nutritive Value of A.I.V . Milk 

In connection with a larger program on the nutritive value of milk pro- 
duced at different seasons of the year (23), the nutritive value of A.I.V. 
milk was determined by feeding experiments with rats. The A.I.V. milk, 
fortified with Fe, Cu, and Mn, was fed ad libitum for six weeks to 6 male 
rats having an initial weight of 50 grams each. The rats receiving A.I.V. 
milk made an average gain in six weeks of 144 grams, while controls fed 
winter milk, fortified with the same elements, gained only 102 grams. This 
increase in growth was probably not due to the greater supply of vitamin A 
in the A.I.V. milk (37 units per day) since the controls received 17 rat units 
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per day, an intake which is many times the amount needed to meet the 
vitamin A requirement. The reasons for the superior growth of rats on the 
A.I.V. milk cannot be explained at the present time. Further research is 
in progress to throw some light on this question. 

Effect on the Composition of the Blood and Urine 

Five blood samples were analyzed at definite intervals during the course 
of the experiment in order to determine the effect of the high acid intake on 
their composition. The blood was collected under paraffin oil using sodium 
oxalate as an anti-coagulant, centrifuged immediately and the pH deter- 
mined at 25° C. with a quinhydrone electrode in a closed chamber (26). 
The alkaline reserve was determined with a Van Slyke manometric blood 
gas apparatus (27). The alkaline reserve of the blood was lowered on an 
average from 66.3 cc. per cent for the control period to 56.7 cc. per cent 


TABLE 8 

Effects of feeding A.I.V. silage on composition of "blood and urine 



FORK* 

PERIOD 

A.I.V. PERIOD j 

AFTER- 

PERIOD 

BIjOOI) plasma 







3 week 

2nd 

4th 1 

6tb 

2nd week 


average 

week 

week 1 

I 

week 

Alkaline reserve, cc. % 

Lot I — Alfalfa- fed cows 







63.8 

61.2 

61.7 

59.5 

71.0 

Lot II — Timothy-fed cows 

63.8 

53.P 

53.1 

53.8 

66.1 

pH 

Lot I 

7.45 

7.40 

7.42 

7.43 

7.48 

Lot II 

7.45 

7.37 

i 

7.40 

7.40 

7,45 

URINE 

2 days 
before 

3rd week 

Cth week 

2nd week 

Fixed CO„ cc. % 







Lot I 

519.4 

2.6 




405.8 

Lot II 

31.8 

4.0 




79.2 

pH 

Lot I 

8.08 

! 

5.76 

i 

6.13 

8.01 

Lot II 

6.97 

6.08 j 


6.15 

7.20 

NH,-N, gm./lOO cc. 



j 


.120 

.009 

Lot I 

.0006 

.081 


Lot II . 

.019 

.133 


.131 

.034 

Total-N, gm./lOO cc. 





.89 

1.47 

Lot I 

.75 

.84 


Lot II .. 

1.68 

1.12 


1.16 

1.85 

Percentage of total N as NH,N 
Lot I 

.08 

9.6 



13.5 

.61 

Lot II • 

1.13 

11.9 



11.3 

1.84 


for the A.I.V. period (Table 8). These reductions due to A.I.V. feeding 
are not great enough to bring about a condition of acidosis. The slight 
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lowering of the pH of the blood is insignificant (Table 8). There was a 
prompt return of the alkaline reserve and pH to the former levels within 
two weeks after the feeding of A.l.V. silage was discontinued. 

Four urine samples from each cow were analyzed. pH w T as measured 
with the quinhydrone electrode, fixed C0 2 with the Van Slyke manometric 
blood gas apparatus (27), ammonia nitrogen by the Folin aeration method 
as modified by Steel (28), and total nitrogen by the Kjeldahl method. The 
fixed COj content of the urine indicated a drastic reduction from the con- 
trol period to the A.l.V. period, the average being 276 cc. per cent for the 
former and 3 cc. per cent for the latter. The pH was lowered on an average 
from 7.5 to 5.9 and the ratio of the ammonia nitrogen to the total nitrogen 
was increased from 0.6 to 11.0 per cent (Table 8). The values for fixed 
C0 2 , pH, and ammonia returned to normal after the cows were on the 
regular ration two weeks. These data show that more than an average quan- 
tity of acid was consumed by the cows and in part was neutralized by means 
which apparently prevented any deleterious effects on the health of the 
animals. However, it must be kept in mind that our observations extend 
over only a relatively short feeding period and it cannot be assumed that 
these results are sufficient to allow us to draw definite conclusions as to the 
ultimate effect of continuous feeding of A.l.V. silage. 

SUMMARY 

The preparation by the A.l.V. method of two lots of alfalfa and one of 
soy bean silage, consisting respectively of TO, 17, and 11 tons, is described. 

The data show that the loss of nitrogen and of dry matter in the drain- 
age juice amounted to 0.9 and 1.8 per cent respectively. 

There were marked changes in the distribution of nitrogen in the silage. 
Based on the total nitrogen, the water soluble nitrogen increased in the two 
lots of alfalfa silage from 31 to 45 per cent and from 15 to 40 per cent re- 
spectively, and from 20 to 35 per cent in the soy bean silage! Increases in 
amino nitrogen paralleled those of the water soluble nitrogen. Ammonia 
nitrogen also increased, but the absolute quantity was small. 

There was apparently no loss of carotene. 

Counts of the number of bacteria and determination of volatile acids 
and lactic acid showed that some fermentation took place in spite of the low 
pH of the silage. 

A double reversal feeding trial was conducted consisting of a six week 
fore-period, a seven week A.l.V. silage period, and a seven week after-period 
with ten dairy cows of various breeds in two groups of five each. 

No unusual changes were noted in milk production due to the feeding 
of A.l.V. silage. 

Spectroscopic analyses of the butterfat for carotene and vitamin A indi- 
cated d definite increase in these components with silage feeding. During 
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the control period an average value of 4.2 micrograms of carotene per gram 
of butterfat was obtained and in the A.I.V. period the figure rose to 6.8. 
Vitamin A analyses showed an average value of 4.0 micrograms per gram 
of butterfat for the control period and a marked rise to 9.0 in the A.I.V. 
period. However, the values for carotene and vitamin A during the A.I.V. 
feeding were not as high as those previously found for pasture feeding. 
Increases in the carotene content of the blood plasma paralleled those in the 
butterfat. Balance studies on the carotene intake in the feed and output in 
the milk showed a corresponding increase in both of these factors with the 
inclusion of A.I.V. silage in the ration. 

Blood and urine analyses indicated that the high acid intake of the cows 
was neutralized by means which prevented any noticeable deleterious effects 
on the animals. 

ADDENDUM 

After this manuscript was prepared the paper by Watson, et al. (Bio- 
ehem. J. 28, 1076, 1934) giving the effect of feeding grass ensiled by the 
A.I.V. method on the carotene and vitamin A content of butter appeared. 
These authors report a marked increase in both carotene and vitamin A as 
a result of feeding this fodder. 
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American Dairy Science Association Announcements 

PROBLEMS IN TEACHING AT JUNE MEETING 

President C. L. Roadhouse has indicated that the time will be ripe next 
June for another special session for the members of the Association who are 
interested in a discussion of teaching problems and methods. It is urged 
that the Heads of Departments of dairying and dairy husbandry in the 
various colleges who have inaugurated new curricula or innovations or 
modifications of such teaching practices arrange to have these presented 
and discussed at the June meeting of the Association. Inasmuch as there 
is no official Section of Dairy Instruction with duly elected officers, the 
Chairman of the Program Committee will be glad to arrange for temporary 
officers and the Program Committee will arrange a special program for such 
a temporary section if sufficient titles are sent in. 

L. S. Palmer, Chairman Program Committee 

REPORT OF COMMITTEE ON EVALUATION OF PROVEN SIRES 

The correct evaluation of a sire ’s transmitting ability requires a correct 
record of what his daughters have produced under standard conditions and 
somewhat less important, of what the dams of those daughters have pro- 
duced under equivalent conditions. 

The committee feels that more research on the subject and more experi- 
ence in the actual use of these indexes will be required to justify official 
choice of any index. For this reason the committee is unwilling to recom- 
mend any specific index as correct and best under all conditions. 

While practical experience in the use of these indexes is being increased, 
it is important that the fundamental data on wdiich they rest should be 
presented for practical use in standardized averages such that those inter- 
ested in the use of an index could easily compute any of the more promising 
indexes he may choose. 

The committee, therefore, recommends to the Breeds Relations Commit- 
tee that they ask the Breeds Association to publish the following informa- 
tion for all bulls with five or more tested daughters out of tested dams or 
with eight or more tested daughters even though less than five of these are 
out of tested dams : 

L The total number of registered daughters and the number of regis- 
tered ^daughters more than four years of age. 

2. The average production of all tested daughters. (By 4 4 production * * 
is meant yield of milk, per cent fat, and total fat, corrected to a standard 
age and to a standard classification for number of times milked and to a 
standard length of lactation, preferably 305 days.) 

3. The average production of all daughters out of tested dams. 

4. The average production of those dams. 

5. The number of daughters which exceed their dams. 

6 The range or other measure of variation in the daughters’ production. 
Committee: F. W. Atkeson, Idaho; J. L. Lush, Iowa; C. W. Turner, 
Missouri; R. R. Graves, U. S. D. A.; H. 0. Henderson, W. 
Virginia, Chairman. 
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COLOR DEVELOx 1ENT IN LACTOSE SOLUTIONS DURING 
HEATING WITH SPECIAL REFERENCE TO THE 
COLOR OF EVAPORATED MILK 

B. H. WEBB 

Bureau of Dairy Industry, V. It. Department of Agriculture, 

Washington , T). ('. 

Iii the* manufacture of those dairy products which are processed at high 
temperatures or which contain a large quantity of reducing sugar, an unde- 
sirable brown color develops. This color is especially noticeable in the 
manufacture of milk sugar, evaporated milk and sweetened condensed milk. 

It is a matter of general experience in lactose manufacture that during 
the heating of the neutralized whey which contains considerable quantities 
of protein, a dark brown color develops which is greatly intensified as the 
reaction of the solution is made more alkaline. 

In the case of evaporated milk, which contains approximately 10 per 
cent lactose and 6.7 per cent protein and is sterilized at 115° C. for fifteen 
minutes, a characteristic brown color develops during heating. Since the 
composition and processing of this product must be controlled within nar- 
row limits, the possibility of avoiding a darkening in color appears slight. 
The brown color of evaporated milk is held by the casein after coagulation 
and cannot be washed from this protein nor removed from it by dissolving 
the coagulated and washed casein and re-precipitating it in acid solution. 

Sweetened condensed milk, not being subject to extremely high process- 
ing temperatures, does not sutler excessive darkening in color during manu- 
facture, but undergoes a marked color change in storage, especially at high 
temperatures (5). 

There are many references in the literature dealing with the browning 
Of sugar solutions during heating. If a pure sugar is heated dry or in an 
alkaline medium, caramel is formed, the reaction apparently being one of 
progressive dehydration and polymerization. If a reducing sugar is heated 
in alkaline or slightly acid solution in the presence of amino acids, a brown 
cok>#d6velops, its intensity being chiefly dependent upon temperature, reac- 
tion of the medium and the amino acid and sugar concentration. 

A reaction occurs at ordinary temperatures between reducing sugars and 

Received for publication September 19, 1934. 
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amino acids. The optical rotation of glucose shows a decrease upon the 
addition of glycine to the sugar solution (14). 

The product formed when glucose is heated with an amino acid is com- 
plex in nature and has been shown to contain carbon, hydrogen, oxygen and 
nitrogen (10), (1). 

There is evidence, especially in the case of cane sugar, that catalysts play 
an important role in the polymerization of sugars during heating. Metals, 
especially iron, have been found to catalyze the coloring of alkaline sucrose 
solutions at high temperatures, (3), (9), (11), (12), (13). 

Caramel was prepared by Beal and Bowey (2) from glucose, using 
ammonium chloride or ammonium sulfate witli hydrochloric acid. These 
salts catalyzed the reaction and did not seem to enter into the composition 
of the caramel. 

Orla- Jensen and Plattner (7) first showed that the color which develops 
in heated milk could be attributed to the presence of both lactose and casein. 
Wright (17) considered the color to be due to a caramelization of the lactose 
which was catalyzed by calcium caseinate and that the casein in adsorbing 
the pigment remained unchanged. 

Ramsey, Tracy and Ruche (8) have reported some interesting experi- 
ments upon color development in skim milk subjected to various treatments. 
They consider the color to be due to a sugar-amino acid condensation, the 
speed of the reaction depending upon temperature, hydrogen-ion concentra- 
tion, and the kind of sugar used. 

Color changes caused by certain modifications in the manufacturing 
process of evaporated milk have been studied by Webb and Holm (15). 
They found that an increase in heat, whether encountered during forewarm- 
ing, sterilization or storage, produced an increase in color, the change being 
of a catalytic nature. 

EXPERIMENTAL 

The* work included in this report covers a series of experiments carried 
out on lactose solutions held during heat treatment at known pH values by 
means of suitable buffers. The color of the heated solutions was measured 
by comparison with color standards of known values. 

Lactose solutions of the required concentration were made up from 
special lactose of a high degree of purity. Buffer solutions and solutions 
of amino acids and ammonium salts were prepared to give the desired molal 
concentration when mixed with a given quantity of lactose solution. All 
figures expressing concentration of lactose, buffers or salts in the different 
solutions are given as the concentration of the specified substance in the 
particular solution under consideration. The concentration of solutions 
from which the final mixtures were made have been omitted. 

A total of 7 cc. of each mixture to be heated was measured into a pyrex 
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test tube, the upper part of which had previously been drawn out to facili- 
tate sealing the tube. The tubes were sealed and heated in a glycerine bath 
held at 120° C. for different lengths of time. After rapid cooling, the color 
of the lactose solutions was measured by comparison with sealed tubes of 
standardized colors in a constant north light, using a special test tube rack 
with a white background. These comparisons were made by eye and it was 
found possible to check the measurements to J to .} of the difference between 
any two standards. Therefore differences between standards arc expressed 
as h i or § as the case might be. 

TABLE I 

The composition of the color standards used for measuring the color of healed lactose 

solutions 


DLUll STAND All!) 
NUMBER 

CO.MI’OSI'l JON OK COLOR STANDARD 

KA( H MADE Ul* TO 7 CC. WITH DISTILLED WATER 

1 

0.3 

cc. of OPR-PR solutioni 

o 

0.6 

c < i i t < < < < i 

3 

1 0 

» t 1 1 t « < t ( t 

4 

1.5 

an tt ft 1 1 

5 

2 0 

lift it ff >5 

6 

3.0 

i< It i t it" t t 

7 

0.2 

cc. Thymol Blue (0.04%) solution 

8 

0.3 

tt < f tt 1 1 tt 

9 

0.45 

<t a ( i a 

10 

0.7 

tt 1 1 tt tt it 

11 

1.1 

<f if ft ft if 

32 

1.5 

< t if it t i if 

33 

2.0 

i t if if t i it 

14 

7.0 

cc. Molal Fe Cl 3 

35 

7.0 

it n << « 

16 

7.0 

if Off if 


i Solution consisted in 3 8 cc. chlor phenol red concentration 0.04%, 0.0 ce. of phenol 
red, concentration 0.04%, and 10 cc. of I1C1 made up to 100 cc. with distilled water. 

The colors developed in the lactose solutions during heating and storage 
were compared with color standards prepared according to table 1. These 
colors ranged from an almost water-clear solution (#1) to the dark reddish 
brown of 2 molal Fed., solution (#16). Reproduction of these colors is 
possible by following table 1. If difficulty is encountered with the thymol 
blue standards a very slight shift in the pH of the distilled water solutions 
will place them in their prop.er positions. The fact should be noted that 
different samples of Fe Cl„ may give slightly different shades of brown, 
depending upon the extent to which Fe (OII) :! has formed in the sample 
used. 

To be certain that the differences between standards represented equal 
differences in color it seemed desirable to check the standards more accu- 
rately than it was possible to do by eye. Therefore measurements expressed 
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in numerical terms according to the Munsell system (6) (15) were secured. 
The measurements were made upon a duplicate set of standards, the orig- 
inals having already been sealed in test tubes which were not of appropriate 
size to measure in the colorimeter. Measurements were made on one-inch 
diameter areas of liquid placed in culture flasks of 1J inches diameter 
backed by N 9.4 paper. To reduce the chroma in matching samples and 
color discs it was necessary to place a narrow strip of white across the 
sample which would make the corrected chroma approximately 10 per cent 
stronger than the values indicate. 

The data obtained are shown in Kig. 1. It will be noted that, except 



Pig. 1. Numerical Measurements of tue 10 Color Standards According to the 
Munsell System. The Figures Within the Curve Befer to the Third Color Attri- 
bute, Brilliance, and the Greater Values Refer to the Lighter Colors. 

for small variations, the spacing of the standards along the curve is quite 
uniform, indicating the color difference between each to be approximately 
the same. The positions of standards 6, 12, 13, and 15 have been shifted 
to the curve from their measured positions because comparison by eye of 
the original sealed standards to the measured duplicates showed these posi- 
tions to be more nearly those occupied by the sealed standards. In the 
present work the sixteen standards have been considered as being equally 
spaced over the range of color which they include. 

The hydrogen-ion concentration of a lactose solution is of major im- 
portance in controlling color development during heating. This is espe- 
cially true where the reaction is above pH 6.0 ; and when pH 7.0 is reached, 
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it requires very little heating to produce a deep caramel color. It was 
therefore deemed advisable to determine the pH of the solutions both before 
and after heating. These figures, determined potentiometrically by means 
of a quinhydrone electrode, arc given in the accompanying tables and charts. 

The effect of differences in pll can be noted in several of the following 
tables. The data given in table 2 show clearly the marked darkening in the 
color of 4 per cent heated lactose solutions as the pH is increased. 

To counteract the acidity which develops in lactose solutions during 
heating and eliminate a variable in the experimental work, an efficient 
buffer is necessary. Several buffers were tried, the color and pH of each 
solution being measured after completion of the heating period. 

TABLE 2 

The relationship in color deiclopment of 4% lactose solutions heated to 120° C. for 15 
mmutfs, when buffered by sodium phosphate and by sodium maleate , with 
and without the addition of ammonium chloride 



No N1I 4 C1 

| N1I 4 C1 concentration - M/13 

1U FFI’H 

REACTION 

COLOR 

J REACTION 



Before 

After 

Before 

A < ( er 

COLOR 


heating 

heating 


heating 

heating 



pH 

pll 

1 

PH 

pH 


Indium Phosphate buf 

5.(57 

5.00 

3-Mi ; 

5.(53 

5.55 

9-Ma 

for M/4.5 

5 90 

5.84 

4-% : 

5.87 

5.70 

12 


(5.04 

.-,.<*7 

— 1!/| ! 

(5.01 

5.91 

13 


(5.27 

0.19 

7 1 

0.24 

(5.12 

14 


(5.47 

0.32 

8- % « 

0 45 

(5.27 

15 

j 

(5. GO 

0.45 

^ i 

0.03 

(5.41 

10 

1 

(5.K3 

(5.55 

10 

0.80 

6.55 

(17) 

iodium Maleate buf- 

5.47 

5.47 

i-% 

5.42 

5 40 

7 

fer M/1.5 

5.93 

5.92 

i' 

5.90 

5.90 

lo-Mi 

1 

G.23 

0.22 

0 

0.20 j 

0.15 

13 


0.47 , 

0.30 

8 

0.43 

0.37 

13-% 


0.54 ! 

(5.38 

8 

0.51 

6 40 

14 


(5.71 ! 

0.41 

9 . i 

(5.71 

0 46 

14-Mi 


Some of the data obtained are plotted in Fig. 2. The figures on the 
ordinate are the product of the time of sterilization in minutes and the 
color intensity as expressed by the number of the color standard which the 
sample matched. The figures for evaporated milk are taken from the data 
of Webb and Holm (15) where different color standards were used. 

Citrate and acetate were not satisfactory but phosphate and maleate 
buffers were very effective in maintaining a reaction comparable to that 
encountered in milk. Curves 3 and 4, representing M/2 maleate and M/2 
phosphate solutions in 5 per cent lactose show strong buffering at the reac- 
tion of evaporated milk. If the lactose concentration is increased to 10 
per cent as in curve 6, even molal phosphate is not sufficient to hold the 
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reaction constant. Much of the work reported below was carried out using 
M/2 phosphate and M/2 maleate solutions to buffer 5 per cent lactose. 

The phosphate buffers were made up to the required pH by using appro- 
priate proportions of Na H 2 P0 4 and Na 2 HP0 4 . Maleate buffers were made 
up by adding* concentrated NaOH to solutions of maleic acid of the speci- 
fied concentration. Sufficient alkali was added to the maleic acid to give a 
solution of the desired pH. For maleic acid pK x = 1.93 and pK 2 = 6.58, 
(4), the buffering of the second hydrogen being the one of interest in 
this work. 

There has been considerable uncertainty in dealing with the changes 
occurring in milk during heating as to whether the phosphates present in 
normal milk act in a catalytic capacity. Whittier and Benton (16) in their 
work on the formation of acid in milk by heating concluded in part, “Ex- 
periments on lactose solutions containing radicals similar in their buffer 
action to those in milk, but chemically different, would settle the question 



Fig. 2. Comparison of the Change in Hydrogen-Ion Concentration During 
Heating Wmcii Occurs in Lactose Solutions Containing Various Buffers. 

of a specific phosphate effect on reactions involving lactose. . . . Until it is 
shown that buffering acid radicals other than those present in milk but 
having practically the same dissociation constants, do not exert the same 
physical and chemical effects on the equilibria, we feel that any claims for 
specificity of action of phosphates in milk are unproved. ” 

It appeared that a comparison of the color developed in lactose solu- 
tions with phosphate and maleate buffers would determine whether the 
phosphate itself was responsible for a catalytic influence when milk prod- 
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ucts are heated. Accordingly the data plotted in Fig. 3 were obtained com- 
paring color development in these two solutions for different periods of 
heating. The curve for the phosphate solution shows the color of these 
samples to have been considerably darker than those containing maleate 
buffer. 

Additional data were obtained to confirm the findings of Fig. 3. This 



HEATING TIME AT I20°C- MINUTES 

Fig. 3. Comparing the Color Developed During the Heating of 5% Lactose 
Solutions in M/2 Phosphate and M/2 Maleate Buffers. Tite Figures Refer to 
the pH After Heating. Concentration of Nll 4 Ol Constant at M/23. 

is reproduced in table 2 and again it is clearly indicated that phosphate 
exerts an effect favorable to increased color development during the heating 
of lactose solutions. 

The amount of color formation promoted by phosphate-ions is dependent 
upon their concentration in the solution as shown by the data plotted in 
Fig. 4. r Jfhe tubes containing the higher concentrations of phosphate 
showed much more color than those tubes having fewer phosphate-ions. 
The data was secured with and without NH 4 C1 in the tubes. 

Maleic acid is known to act as an anti-oxidant for fats and oils. A simi- 
lar action in lactose solutions might produce an unduly light color and 
hence render a comparison between phosphate and maleate buffers of little 
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Fig. 4. The Intensity of Color Developed by Heating 5% Lactose Solutions 
at 120° C. With and Without NH 4 C1, Using Phosphate Buffers of Different Con- 
centrations. The Upper Figures Refer to the pII of Each Solution Before Heat- 
ing,, the Lower to the pH After IIfating. 


value. It did not seem probable however that sodium maleate would behave 
as an anti-oxidant in a non-fatty system such as a lactose solution. To be 
certain that the maleate buffer was not acting as an anti-oxidant in prevent- 
ing color development and that mere traces of phosphate did not noticeably 
catalyze the reaction, the experiment reported in table 3 was carried out. 
Small quantities of either phosphate or maleate buffer in the presence of 


TABLE 3 

The effect upon the color of 5% lactose solutions of the presence of a small quantity of 
phosphate when maleate buffer is used during heating and conversely 
when phosphate is the chief buffer 
Solutions heated to 120° C. for 30 minutes 


PORTIONS OF M/2 BUFFER SOLUTIONS 
PER C CC. TOTAL SOLUTION. NH 4 C1 
CONSTANT AT M/20 


CC. 

6.0 

5.9 


PHOSPHATE 


0.1 


5.5 0.5 

1.0 5.0 


0.5 5.5 

0.1 5.9 

6.0 


RE \CTION 


COLOR 


Before heating 

pH 


After heating 
pH 


6.22 


6.20 


10 -% 


6.15 

6.12 

6.12 

6.13 


6.11 

6.10 

6.12 

6.12 


10 -*% 

10 -% 

12 -% 

32 -% 

12 -% 

12 -% 
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the other did not appreciably change the color of the solutions during 
heating. 

The effect of lactose concentration upon color development was investi- 
gated using a maleate buffer and without the addition of an ammonium 
compound. The reaction was adjusted to simulate that encountered when 
milk is heated under like conditions. The results obtained are reproduced 
in table 4. Tt will be noted that a progressive increase in color follows the 
increases in lactose concentration. 


TABLE 4 

The relationship between taeto.se concentration and color development during healing. 
M alcate b uffer concern / ration- M /%. 



] REACTION 

COLOR 

.AC TOSH CONCENTRATION 

Before* beating 

After heating 

After heat lug 120° C. 
for 30 minutes 

Percent 

pH 

2)11 


o 

a . 55 

C 51 


4 

a.r>a 

<5.44 

7 

0 

(?.«)(*> 

i 

a.4 1 i 

7-% 

S ! 


a 37 

8 

10 

a.r>a 

a.34 

-F 

i 

QC 

12 

a 55 

<U2 

H--.I 

15 

a. 55 

1 

a.20 

1 

9 


_ 

' 

_ 


A quantitative measurement of color development in buffered lactose 
solutions wherein the pH was held constant during heating was conducted, 
using different amino acids and ammonium compounds. The concentra- 
tions of these compounds were so adjusted that each tube of buffered laetose 
solution contained a concentration of ammonium or amino groups equal 
to M/70. Jn cases where tins quantity of nitrogen compound produced 
little or no increase in color above the control, greater amounts were added. 
The results obtained are given in table 5. It will be seen that cystine, 
asparagine, the amides, and urea do not produce as much color as do the 
other compounds for a given quantity of NIL. These results can perhaps 
be attributed to the extent to which these compounds enter into the reac- 
tion. The results of table 5 indicate that the darkening of the color of milk 
during heating is dependent upon the number of reactive amino groups 
which are present. 

Different metals were added to lactose solutions before heating to study 
their effect upon color development. The data obtained in three different 
experiments are reproduced in table 6. Copper and iron caused a slight 
increase in color while tin showed a distinct tendency to lessen the color in- 
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TABLE 5 

The effect of nitrogen-containing compounds upon color development in 5% lactose solu- 
tions buffered by M/S sodium phosphate 


CONCENTRATION 
IN LACTOSE 

OP COMPOUND 
SOLUTION 

| REACTION 

COLOR AFTER 
IIEATINC, TO 

120° C-30 MIN. 

Before 

heating 

After 

heating 



pH 

pH 


Check — nothing added ! 

6.17 

6.36 

7 

Glycine 

M/70 

6.3 5 

6.13 

9% 

Leucine 

M/70 

6.17 

6.14 

9 

Cystine 

M/70 

6,16 

6.19 

7% 

Tyrosine 

M/70 

6.36 

6.15 

9% 

Asparagine 

M/140 



! 8 

< i 

M/35 

6.17 

6.16 

31% 

Tryptophane 

M/140 

6.17 

6.16 

9 

Acetamide 

M/70 

6.15 

6.13 

7 

1 1 

M/34 

6.16 

6.14 

7 

1 1 

M/1.75 

6.23 

6.37 

7% 

Formamide 

M/70 



7% 

1 1 

M/17.5 

6.37 

6.34 

9 

Urea 

M/140 



7 % 

n 

M/3.5 

6.39 

6.75 

15% 

(NH 4 ) a C,H 0 O 7 

M/210 



9 

(NH 4 )A0 4 .H 2 0 

M/140 

6.16 

6.13 

9% 

(NH 4 )C1 

M/70 

6.16 

6.12 

9% 

tensity. These results are of special interest 

in the case of evaporated milk 


manufacture since tliis product is evaporated in copper vacuum pans but is 
sterilized and held in tin cans. The effect of metals upon color develop- 
ment during the sterilization of evaporated milk can probably be considered 
unimportant, with the inhibitive effect of the tin can counteracting the dark- 
ening influence of copper. 


table r» 

The effect of different metals upon the development of color in 5% lactose solutions 
heated to ISO 0 C . for SO minutes* 


METAL 

COLOR 

METAL 

COLOR 

Not any 

9% 

A1 

9% 

Rn 

8% 

Pb 

9% 

7m 

9% 


9% 

Cu 

10% 

1 Ni 

9% 

Fe 

10% 

1 Monel 

10 


•Phosphate buffer concentration = M/2 ; (NH 4 ) 2 HP0 4 concentration = M/42 ; reac- 
tion approximately constant at pH 6.18. 


Solutions of 5 per cent lactose in M/2 phosphate buffer and containing 
a concentration of M/42 (NHJ 2 HP0 4 were sealed in atmospheres of dif- 
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ferent gases. After heating, the tubes were stored for several weeks. Some 
of the tubes were broken open to allow the air to freely reach the solution. 
The results obtained are shown in table 7. The differences in color of solu- 
tions heated in an atmosphere of air, nitrogen, oxygen, carbon dioxide or 
in a vacuum are very slight immediately after the heating period is com- 
pleted. However, these differences in color are considerably intensified 
when the solutions are held in storage in the piesenee of air or oxygen. 
Evidently the development of color during storage either required, or is 
markedly increased by, the presence of oxygen. 

TAHLE 7 

The effect of different yases upon color development in 5% lactose solutions heated to 
(\ for JO minutes and stored at room temperature . Sodium phosphate 
buffer - M/a i (NH 4 ) s HP() t = M/42, pfl constant at 6.1 $ 


OANKOl S MKIHI M PRESENT IN TCHK 

j nil OR INCREASE JOKING 

HEATING AN D STORAGE 

liCItlMl 

STERILIZATION 

1*1 U1 \<« STORAGE 

rOLOU AFTER 
HEATING 

1 <)a\ 

K days 

:i a\ eeks 

Air 

Aii — sealed 


iovr ' 

14 

1G H 

Air 

An — open 

8% 

11 Va j 

14i /2 


Vacuum 

Vannim- -sealed 

9 V* 

9 V* [ 

9 V* 

10 

Vacuum 

An- --open 

9H* 

10 Va i 

14V* 


Nitrogen 

Nitrogen — sealed 

9 Vr 

9Va : 

9% 

11 

Nitrogen 

i Air —open 

9Va 

3 0% j 

34 V* 


Oxygen 

Oxygen — sealed 

10Va 

11 Va j 

14 S 

16 H 

Carbon-dioxide 

Carbon-dioxide- - 
sealed 

9 V* 

9 V* 

9 V* 

10 


The temperature of storage influences to some extent, the rapidity of 
color development after the initial period of high heating is over. Some 
results obtained on tubes of lactose solutions stored at 10° C., 25° C., and 
42° C M after sealing in air and heating, are given in table 8. The higher 
temperatures of storage caused greater darkening in color. 

It was interesting to note that the color which developed in heated lac- 
tose solutions during storage was markedly browner in hue than that in 
solutions in which the same depth of color was developed by heating alone. 
This change in shade from reddish yellow to brown occurred largely during 
the first few days of storage. It was difficult to match the stored samples 
with the color standards used for the freshly heated solutions but the results 
given for these samples correctly reflect the order of color intensity in each, 
although the match with the standard was not perfect. 

In view of the foregoing results, it did not appear that any normal varia- 
tion in the manufacturing process of condensed or evaporated milk would 
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TABLE 8 

The development of color during storage of 5% lactose solutions buffered by M/3 
sodium phosphate and heated to 130° C. for 30 minutes . Average initial reac - 
tion~pH 6.13; average final reaction after heating ~ pE 6.16 


STORAGE 

CONCN. OF 

| COLOR DEVELOPMENT DURING STORAGE 

TEMP. 

<nh 4 ) s hpo 4 

Not held 

1 day 

4 days 

12 days 

2G days 

00 days 

°C. | 
10 


5 

6 

7% 

7% 

7% 

7% 

125 


5 

6 

7% 

7% 

8 

9 

42 

1 

5 

6 

; 

8 

9% 

11 

10 

, M/42 

| 9% 

10% 

11% 

13 

15 

15% 

25 

< i 

) 9% 

11 

13 

14% 

10 j 

18* 

42 

1 t < 

| 9% 

3.1 

13 

14% 

i 

17* j 

20* 


* Approximate figures. No color standards available darker than 16. 


eliminate color development, but it was deemed of interest to know what 
chemical means might be effective in preventing tire appearance of color in 
lactose solutions during heating. A number of compounds were added to 
5 per cent lactose solutions buffered by M/2 sodium phosphate and contain- 
ing M/20 (NH 4 ) 2 HP0 4 . Small quantities of hydroquinone, (3-naplithol, 
resorcinol, catechol, and ehromous chloride did not prevent the development 
of the usual amount of color shown by control samples heated under identi- 
cal conditions. 

Sodium bisulfite was very effective in preventing the development of 
any brown color in milk or lactose solutions during heating. At a concen- 
tration of M/24 it prevented any color development in the above lactose 
solution after heating to 120° C. for 20 minutes. The action of sulfite in 
retarding color formation in sugar syrups is well known in the cane and 
beet sugar industries. 

Ramsey, Tracy and Ruehe (8) have observed that color formation in 
evaporated milk could be prevented when sufficient formaldehyde was 
added before sterilization. In view of the known affinity of formaldehyde 
for amino acids, this observation was taken as further evidence of a sugar- 
amino condensation reaction being entirely responsible for color formation. 
Some interesting data on the effect of increasing quantities of formaldehyde 
upon color development in lactose solutions are given in table 9. The 
experiments were run with and without additions of glycine to the solu- 
tions. Very small concentrations of formaldehyde markedly increase the 
color of the solutions while larger quantities inhibit color formation. The 
trend of the results appear the same whether glycine is present or absent. 
The action of formaldehyde appears to be more or less independent of the 
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TABLE 9 

The effect of formaldehyde i upon the color of 5% Inclose solutions lu ate d to 120 ° C. for 
SO minutes. Half molal concentration of malcate buff er in all solutions 



NO GLYCINE j 


GLYCINE 
THAT ION 

CONCEN- 

— m/142 







FOttMALl>KHlI»K 

CON TENTH VTION 

Reaction 

COLOR 

Reaction 

COLOR 

Before 

heating 

Aftei 

heating 


Before 1 
lie it nig | 

Aftei 

heating 


% 

pH 

; pH 


pH 

| pH 


0.00 

0.64 

6.44 

1 

| 71/2 

6.60 

1 6.44 

10 J/ a 

0.14 


! 6 45 

1 

! 10 


6.14 

35 



1 

6.45 

' 0 


6.44 J 

14 

o.r>7 


6.41 

i 

6.60 

, 6.10 

13% 

1.14 


6.10 

! .V/2 

0 05 

i 

, 0.57 

11 

1.00 

0.07 

' 0 40 

1 3*2 

j 6.0*2 

j 6.56 

10 

2.00 

0 00 

0.5 1 

1 1 .» 

1 

1 0 58 

' 6 20 

s. 


amino acid content of the lactose solutions. Substantially the same results 
as those reported in table 9 were obtained by using sodium phosphate as a 
buffer in place of malcate buffer. The nature of the reactions involved here 
are too obscure to render attempts at an explanation profitable at this time. 

The same 1 general relations found to exist for color development in lac- 
tose solutions were found to hold true also for color formation in skirn milk. 
However, due perhaps to the opaque nature of the milk, many of the deli- 
cate differences which are easily seen in the lactose solutions arc not appar- 
ent in the milk. Pure solutions are therefore much superior to the hetero- 
geneous mixture found in milk for a study of the basic relationships of the 
different components. 

DISCUSSION 

Since the hydrogen-ion concentration of a lactose solution is of great 
importance in color development during heating, a study of color formation 
must be planned to include adequate control of the reaction. From the 
results reported here it would appear that sodium phosphate and sodium 
maleate are very satisfactory buffers for maintaining the pH of a solution 
near to that found in milk, the phosphate radical being normally present in 
milk and the maleate being available for use where milk constituents are to 
be excluded from the solution. 

The study of color development in the presence of phosphate and male- 
ate buffers showed in three different series of experiments that the phos- 
phate possessed a specific effect in darkening the color of heated lactose 
solutions. That portion of the darkening which could be attributed to 
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phosphate ions required the presence of appreciable quantities of phos- 
phate, the depth of color developed being dependent upon the quantity of 
phosphate ions in the solution. 

While it is interesting to speculate as to the nature of the reactions in- 
volved in the color development noted in this paper, there is insufficient 
evidence at hand to formulate any reaction mechanism. The data of table 
4 show that color will form in pure lactose solutions during heating in the 
absence of all other materials except a maleate or phosphate buffer. This 
fact indicates that part of the color developed in milk during heating is due 
to a caramelization of the lactose. 

Considering the large amount of research which has been done by many 
investigators it appears certain that there is a combination between amino 
acids and reducing sugars. The data given here show that the presence of 
an ammonium salt or an amino acid causes a very great darkening in the 
color of heated lactose solutions. Because of the limited variation in the 
pH of milk, and its relatively high protein content, this amino-sugar com- 
bination doubtless accounts for a major portion of the color formed in milk 
during heating. Since the phosphate ion concentration was found to in- 
fluence color in lactose solutions and since the concentration of this ion is 
relatively high in milk, the contribution of the phosphate to color develop- 
ment is probably considerable. 

The findings that the shade of color produced in storage was different 
from that which is formed during heatifig seem to indicate that two differ- 
ent reactions occur. Additional evidence to this effect has previously been 
shown in the case of evaporated milk (15) which was sterilized and held in 
storage. During sterilization there was a progressive change in hue, 
brilliance and chroma while the color change observed during storage was 
one in chroma only. 

Results from the study of color development in lactose solutions seem to 
justify certain conclusions with regard to evaporated milk. Perhaps half 
of the color of evaporated milk as it reaches the consumer is developed dur- 
ing storage, the other half arising as a result of the sterilization process. 
The color which forms during storage may be partially or almost wholly 
eliminated, depending upon how brief the storage period can be made. If 
storage is necessary temperatures of 15° C. or lower are desirable. Where 
the storage temperature is not controlled, summer storage is much more 
detrimental to the color of the product than is storage for the same length 
of time during the winter. 

Improvement in the color which appears during sterilization of evapo- 
rated milk is more difficult. Complete elimination of oxygen from the 
before sterilization should yield a lighter product. However the degree of 
improvement would probably not justify the expense of this procedure. 
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The addition of chemical substances which might prevent color development 
would of course not be permissible. 

Exclusive of hydrogen-ion concentration, the lactose content of the milk 
and the composition of the gases present in the container, the factors which 
contribute to the color of milk during heating may, from the results of this 
investigation, be listed approximately in the order of their importance as: 
(1) reactive amino groups contained in the protein or arising as protein 
decomposition products, (2) the normal tendency of the lactose on heating 
at pH 6.5* to form brown lacto-caramel, (3) the phosphate content of the 
milk, and (4) the presence of metallic catalysts. 

SUMMARY 

1. Reproducible color standards for measuring the color of lactose solu- 
tions in which heat has produced varying shades of brown have been 
described and delined in numerical terms according to the Munsell system 
of color measurement. 

2. The presence of the phosphate radical in lactose solutions during 
heating has been shown to exert a specific effect in causing darkening in 
the color of these solutions. 

3. Color development in lactose solutions during heating is increased 
with increasing concentration of hydroxyl-ions, lactose, amino acids, am- 
monium salts, phosphate and oxygen. The presence of copper or iron 
catalyzes the color reaction while tin retards color formation. A very small 
quantity of formaldehyde increases color while larger amounts markedly 
restrict color development. Sodium bisulfite will entirely prevent the ap- 
pearance of color. When amino acids or proteins are present during heat- 
ing, color is probably due both to the formation of a complex material 
formed from the lactose and an amino group and to a polymerization of the 
sugar to lacto-caramel. Either reaction may occur at the hydrogen-ion 
concentration found iu milk. 

4. An effective means of preventing color development in lactose solu- 
tions during heating which would be suitable for use in improving the color 
which appears in evaporated milk during sterilization was not found. 
However, the results obtained with lactose solutions substantiate the fact 
that the objectionable darkening in color of evaporated milk which occurs 
during storage can be materially lessened by shortening the storage period 
or lowering storage temperature. 

ACKNOWLEDGMENT 

The author is indebted to Miss Dorothy Nickerson, color technologist 
of the Division of Cotton Marketing, Bureau of Agricultural Economics, 
for kindly making the measurements of the color standards, using the 



96 


B. H. WEBB 


methods and equipment which she has developed for applying the Munsell 
system of color measurement to various agricultural products. 

REFERENCES 

1. Ambler, J. A., Ind. Eng. Cliem. 21: 47 (1920); The reaction between amino acids 

and glucose. 

2. Beal, G. D., and Bowey, D. F., J. Pliavni. Asso. 12: 405 (1932); The preparation 

of acid -fa st caramels. 

3. Brzek, J., Listy Cukrovar 50: 380 (1932); or C. A. 26: 3950 (1932); The origin 

of color in colorless beet juices. 

4. Clark, W. M., The Williams and Wilkins Co. (1928); The determination of 

hydrogen ions. 

5. Haradine, C, E., National Butter & Cheese J. 24: Oct. 10, p. 7 ; Oct. 25, p. 7 ; Nov. 

10, p. 16 (1933); Inversion of sucrose in the manufacture of sweetened con- 
densed milk. 

0. Nickerson, Dorothy, T t . 8. D. A. Tech. Bull. 151 (1929); A method for determin- 
ing the color of agricultural products. V. 8. D. A. Mimo. (Jan., 1932); 
Application of color measurement in the grading of agricultural products. 

7. Orla-Jensen, 8., and Plattnek, E., Rev. gen. La it. 4: 361, 388, 419 (1905); De 

Faction du cliauffage sur le lait dc* vaclie. 

8. Ramsey, R. J., Tracy, P. IF., Rueiie, II. A., Jocr. Dairy 8ui. 16: 17 (1933); 

The use of corn sugar in the manufacture of sweetened condensed skim 
milk. 

9. Reiss, O., Listy Cukiovar 49: 41 (1930) ; or C. A. 26: 1404 (1931) ; The influence 

of the liquor composition upon coloration during boiling. 

10. Ripp, B., Z. Vor. deut. Zucker-Ind. 76: 627 (1926); TIeber die Bildung \on 

Ka ramelkbrpern bei Gegenwart von stickstoffhultigen Hubstanzen. 

11. Spknoler, O., and Todt, F., Z. ver. deut. Zucker-Tnd. 80: 673 (1930); Katalytische 

Einfluss bei der Verforbung alkalischer Zuckerlosimgen in dor Wiinne. 

12. Spknoler, O., and Tout, F., Z. Ver. deut. Zucker-Ind. 81: 550 (1931); Die Kata- 

lytische Wirkung des Kisens bei der Vovfurbung alkalischer Zuckerlosungen. 

13. Stanek, Y., and Pavlas, P., Listy Cukrovar 50: 368 (1932); or C. A. 26: 4198 

(1932); Further studies on the coloring of juices during evaporation; the 
influence of alkalinity, air and iron upon sulfitated and non-sulfitated juices. 

14. Von Euler, Bans, and Jokepiison, K., Z. physiol. Ohem. 153: 1 (1926); Cber 

Reaktionen Zwischen Zuekerarton und Aminen. I. IOine Reaktion Zwischen 
Glucose und Glykokoll. 

15. Webb, B. H m and Holm, G. E., Jour. Dairy Sci. 13; 25 (1930) ; The color of 

evaporated milkR. 

16. Whittier, E. O., and Benton, A. G., Jour. Dairy Sci. 10; 126 (1927); The for- 

mation of acid in milk by heating. 

17. Wright, N. C., Biochem. J. 18: 245 (1924) ; Action of rennet and of heat on milk. 



THE USE OF CITRIC ACID AND SODIUM CITRATE IN 
BUTTERMAKING 

HUGH L. TEMPLETON and II. 11. SOMMER 
College of Agriculture, Madison, Wisconsin 

Tlie flavor and aroma of butter have always been recognized as being 
of the utmost importance in determining the quality of butter. Many of 
the larger markets demand a butler with a high flavor and aroma and to 
meet this demand it is necessary to make the butter from ripened cream. 
The acidity of such butter may be the cause of loss to the manufacturer or 
wholesaler due to the fact that such butter deteriorates more rapidly in 
storage. 

During the past few years there has been considerable research carried 
on in an effort to isolate and identify the substances that are responsible 
for the flavor and aroma of butter, in order that these aroma constituents 
might be added in pure form to butter made from sweet cream and thereby 
give the butter the high flavor and aroma characteristic of ripened cream 
butter, without the possible danger of deterioration due to the high acidity. 
All of the investigators seem to agree that the major flavor and aroma con- 
stituents are methylacetvlcarbinol and its oxidation product diacetyl. The 
amount of these constituents present in the butter varies somewhat accord- 
ing to the different investigators; Davies 1 reporting 0.05 to 0.5 parts per 
million, Obst 2 found five grams of diacetyl in 2000 pounds of butter or 5.5 
parts per million, while Da r res 1 reports that the presence of 0.000,000,2 per 
cent of diacetyl gives butter its characteristic aroma. 

Pritzker 4 reports that wood vinegar is a very cheap source of these com- 
pounds as he found diacel.vl in amounts varying from 0.1 to 1.92 grams per 
liter, and methylaeetylcarbinol 0.5 to 12.0 grams per liter. Numerous other 
sources have been studied and these aroma constituents of butter have been 
found in varying amounts in such substances as coffee, cacao, and lioney. & 

As a result of the isolation of these flavor constituents of butter, a num- 
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ber of artificial butter flavors have appeared on the market in an attempt 
to meet the demand for a butter with a high aroma and a low acidity. Such 
additions have been tried in some of the European countries and the general 
opinion of the waiters is that while there is a marked improvement in the 
flavor and aroma of the butter, the effect is rather temporary and the dia- 
cetyl and methylacetylcarbinol may act as catalysts in hastening the deteri- 
oration of the butter that is not used within a few days after the addition 
of the artificial flavoring material. Another objection that is raised is that 
such materials may be used in margarine in an attempt to give a more exact 
imitation of butter. 

In the isolation of these flavor constituents the first materials to be 
studied were the starter cultures used in the manufacture of butters with 
decided aromas and flavors. While the amount of material isolated from 
this source was naturally very small, the figures given previously indicate 
that only a very slight trace of diacetyl is needed to increase the aroma of 
butter. There is a difference of opinion as to the source of these aroma con- 
stituents, as indicated by the writings of several investigators. Cuisa” de- 
cided that the methylacetylcarbinol was formed through the action of tryp- 
sin and its enzymes on the proteins. Davies 7 states the carbinol is formed 
from the lactose, certainly the latter is more easily acted upon by the bac- 
teria in the butter starter. Hammer and his associates 8 report a detailed 
study on the presence of methylacetylcarbinol and diacetyl in starter cul- 
tures. They show that the amount of these constituents in a culture is in- 
creased by the addition of citric acid or sodium citrate in varying amounts. 
Raffey 0 reports similar results using 0.1 to 0.4 per cent citric acid in the 
milk. In a recent paper Ritter and Strussi 10 have confirmed the above 
findings that the aroma of butter is due to the presence of diacetyl which 
is formed by the aroma producing organisms through the utilization of the 
citric acid. These authors also added citric acid to the cream, but in their 
opinion this addition resulted in the production of excessive flavor. 

The addition of citric acid and sodium citrate to starter cultures was 
investigated by Templeton and Sommer. 11 It was found that the addition 
of 0.2 per cent of citric acid or its equivalent as sodium citrate to the milk 
to be used in the starter culture increased the volatile acidity approximately 
50 per cent, while the titratable acidity increased only 10 per cent. While 
there is no direct evidence that the volatile acids are responsible for the 

0 Cuisa, W., Ann. chim. applieata 22: 747-53 (1932) ; cf . Chem. Abs. 27: 1897 (1933). 

7 Davies, W. L., Food Manufacture 8: 348-8 (1933) ; cf. Chem. Abs. 28: 835 (1934). 

s Hammer, B. W., Miehaelian, M. B., and Farmer, R. 8., Iowa State College of Agri- 
culture Research Bulletin No. 155. 

»Raffey, O., Osterr. Milchwirtschaft. Ztg. 20: 250-1 (1932); cf. Chem. Abs. 27: 
2735 (1933). 

10 Ritter, W., and Strussi, D., Schweiz. Milchztg. 60: 47-8 (1934); cf. Chem. Abs. 
26: 4494 (1934). 

u Templeton, H. I/., and Sommer, H. H., Jr. Dairy . Science 12: page 21, 1989. 
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characteristic flavor and aroma of butter or starter cultures, they no doubt 
play some part either as intermediates or in establishing conditions which 
favor the growth of the aroma producing organisms. There is evidence 
that high volatile acidity may be indicative of a high diaeetyl and methyl- 
acetylcarbinol content of the starter culture and the butter made from such 
a starter. 

These findings indicate quite definitely that the flavor and aroma of 
butter may be increased by the enrichment of t lie citrate content in the 
starter or cream. The fact that milk is known to be quite variable in its 
citrate content may be regarded as further justification for such a practice. 
This practice of supplementing the natural composition of the milk is now 
definitely established in the evaporated milk industry, where it is frequently 
necessary to add citrate or phosphate to control the stability. 

The results of the researches to be presented in this paper are a con- 
tinuation of the previous work, since the starters studied earlier were used 
in the making of the butter to be described at this time. These were regular 
commercial starter cultures propagated in both sterilized and pasteurized 
milk for more than two months before the buttermaking studies were 
started. Eight of these cultures were used, and a series of experiments 
were performed with each one using different treatments of the cream and 
starter, as will be given in detail in connection with the tables. In each 
series of experiments there was one sample of butter that was made with 
the culture alone, without the addition of either citric acid or sodium citrate 
to the culture at any time. This was the control sample for each series of 
experiments. 

The butter made in this study was scored as fresh butter within ten days 
after making, again after six weeks’ storage at 40° F. (4.40° C.), and after 
six months’ storage in an ice cream hardening room where the average tem- 
perature was approximately Ob F. (-17.78° 0.). The butter was packed 
in carefully cleaned half-pint Mason jars and three jars were filled from 
each churning to insure an unused sample for each scoring. The men re- 
quested to score the butter were competent judges, and the samples were 
numbered in such manner that the same treatment did not always have the 
same number. In some ea^es the judges did their scoring as a group, while 
other scorings were made by each judge on different days. Sixty-five 
samples of butter were made on a laboratory scale using a small hand churn 
of the kangaroo type. The butter w as worked in a small home-made worker 
equipped with rolls similar to those found in large churns. Jn order to 
insure as uniform a body as possible, the butter was all churned at approxi- 
mately the same temperature and received the same amount of working. 
Two per cent of salt was added to the butter before working. As indicated 
previously, the butter was packed in Mason jars and these in turn were kept 
in cardboard boxes to exclude light. 

In table No. 1 the capital letters indicate the starter that was used. The 
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cream used in this series of experiments was taken directly from the sepa- 
rator, pasteurized at 140° to 145° P. (60.00° to 62.78° C.) for 30 minutes 
and then cooled rapidly to 70° F. (21.11° C.). At this temperature the 
cream was innoculated with the starter using about 5 per cent, and the 
citric acid or sodium citrate added in amounts indicated. After thorough 
mixing of the sample the titratable acidity was determined and all samples 
having 0.35 per cent or more calculated as lactic acid were immediately 
cooled to 45° to 50° F. (7.22° to 10.00° C.) and held at this temperature 
until churned. The remaining samples were kept in a water bath at 70° F. 
until the titratable acidity was .35 per cent. This holding time varied 
from six to ten hours although a few samples required a somewhat longer 
time. The cream was chilled for at least four hours before churning, the 
maximum time being, twelve hours. In the series of experiments marked 
with a single letter, the cream used tested about 30 per cent butterfat, and 
four and one-half pounds of cream were used for each sample. 

In those series of experiments marked with the double letters, the starter 
used was the same as in the corresponding single letter, but only one liter 
of 55 to 60 per cent cream was used for each experimental churning. This 
cream received the same treatment as the other cream except that when the 
cream had been cooled to 70° F., 750 cc. of the starter culture were added 
to each liter of cream with the other additions as indicated in table la. The 
cream and starter were thoroughly mixed by shaking. As the titratable 
acidity in each case was over 0.35 per cent the samples were immediately 
cooled to 50° F. and placed in storage. These samples were scored at the 
same ages and by the same judges as the other samples. 

The explanation of the terms used in the treatment of the different 
samples is the same as in the paper on starters, namely — fresh citric acid 
or sodium citrate indicates that the additions were made to a control cul- 
ture 24 hours previous to the inoculation of the sample of cream; an old 
citric acid or sodium citrate culture is one that has been carried through 
a number of transfers, w r ith citric acid or sodium citrate added to the cul- 
ture at each transfer before the inoculation of the sample of cream. When 
the term “control” is used, that indicates that the starter added did not 
contain any added citric acid or sodium citrate. 

In tables No. 1 and la, the average scores of each sample are given at 
the three scoring ages. It would be impossible to present the individual 
scores and the comments of the judges on all the samples of butter, so these 
summary tables are presented. In the series with starter culture “A” two 
sample jars were broken after the first scoring so that the six weeks’ scoring 
was omitted in two instances. Table No. 2 is based on the preceding tables, 
in that the samples of butter are ranked in order of their scores within the 
series with each starter culture, and these rankings are compiled as shown. 
Tie scores were broken in favor of the sample having the highest score from 
one of the judges, or if that were impossible on the basis of the criticisms 
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Average scores of butters made with additions of citric acid and sodium citrate 



given. From this table it is evident that in the single letter series there 
were two or more samples that were preferred to the control sample in all 
but one instance. The column at the right of this table gives for each 
treatment the percentage of samples that ranked third or better. In the 
double letter series there were two instances in which the control sample 
was either first or second, and it was below third in all the others. 

On the basis of the first two scorings of this butter it seemed advisable 
to do further work on a larger scale. The second series of experiments was 
conducted on cream arriving at the University creamery at a time when 
the amount of cream varied rather widely from day to day and the acidity 
was usually rather high. Most of f lie cream was neutralized to 0.25 per 
cent acidity with a commercial sodium bicarbonate neutralizer before pas- 
teurization. When there was sufficient cream it was divided into two por- 
tions. After cooling to 70° F. one vat was inoculated with the starter cul- 
ture to act as the control, and citric acid or sodium citrate added to the 
other in the amounts shown in table No. 3. The butter was made by the 
regular buttermaker under the conditions usually existing in the plant. 
When the butter was removed from the churn three half-pint Mason jars 
were filled as samples for the judges to score. The samples were scored as 
fresh butter and again after six weeks and six months. The first five lines 
of table No. 3 represent a portion of the results obtained in this second 
series of experiments. All of these were made from starter culture “E” 
except the one in which the citric acid was added to the cream without 
starter. The average scores of these samples by the same judges are given 
in the table. In connection with this series of experiments the fat losses in 
the buttermilk were studied, using the Butyl alcohol modification of the 
Babcock test. The results showed that the treatment received by the cream 
did not increase the fat losses in the buttermilk. In some instances there 
was a decided reduction in the fat loss. 

As a further confirmation of these results, another series of commercial 
churnings were made and two samples of each were submitted to the same 
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* Each treatment (sample) was a member of a senes of six samples. Each treat- 
ment was represented several times (see Tables 1 and la) in such six sample series, 
according to the number of original starter cultures with which the treatment was tried. 
At each scoring each treatment could rank anywhere from first to sixth place. The 
table records the number of times the respective treatments ranked first, second, third, 
fourth, fifth and sixth. The final column is explained by the following illustration: — 
Control No. X is represented 23 times in first to sixth rank, but only six times in the first 
three places. Therefore, it placed third or better in only 2<> per cent of the placings. 

judges that had scored the others, us well as to a number of other men in 
different parts of the country. These samples were scored as fresh butter 
and again after six months storage. As this work was done in August and 
the butter had to be shipped some distance in small cardboard boxes, it is 
possible that the score that the butter received might have been higher if 
shipping conditions had been better. The scores of these samples of butter 
were often times very divergent, ranging from 87 to 92 on samples of butter 
from the same churning. The last three lines of table No. 3 give the aver- 
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TABLE HI 

Average scores of butters made with additions of citric acid and sodium citrate 


CONTROL BUTTER SCORES 

| TREATED BUTTER SCORES 

TREATMENT 

Fresh 

0 wk. 

0mo. 

! Fresh 

0 wk. 

G mo. 

91.75 

90.58 

90.67 

92.08 

91.00 

91.50 

Fresh Citric Acid Culture 




89.67 

90.00 

90.33 

Fresh Sodium Citrate Culture 

91.83 

90.08 

90.33 

91.08 

89.50 

89.33 

No starter 4 .075% Citric Acid Added 

91.83 

89.75 

88.83 

90.96 

90.00 

90.33 

Control 1- .1% Citric Acid as Sodium 







Citrate 




91.46 

90.25 

90.67 

Control f .1% Citric Acid 

90.63 


89.91 

90.67 


89.87 

Fresh Citric Acid Culture 

89.79 


88.08 

89.90 


89.88 

Control +.1% Citric Acid as Sodium 







Citrate 

91.19 


89.42 

90.03 


88.96 

Old Sodium Citrate Cultured .1% 







Citric* Acid as Sodium Citrate 


age scores of the eleven men examining these samples of butter. The first 
two samples were made with starter culture ‘ ‘ E 1 ’ and the last one with “ II. ’ ’ 

While the results of these later series of experiments do not show the 
same degree of improvement of the treated samples over the controls there 
is evidence that the addition of citric acid or sodium citrate to the starter 
culture, the cream to be used for the buttermaking, or both, gives the 
resulting butter higher flavor and aroma. 

SUMMARY 

This work shows that the addition of citric acid or sodium citrate to 
either cream or the starter or both tends to produce a butter of more de- 
sirable flavor and aroma than the untreated butter made from the same 
cream. 

The findings of previous investigators concerning the effect of high 
acidity on the keeping quality has been confirmed in some of the samples 
of butter scored, while in other instances there is very little difference in 
the scores of the fresh butter and the score after storage. In numerous 
samples the score after six weeks’ storage was higher than that given the 
fresh butter. 

It was noticed that the use of citric acid tended to lower the fat losses 
in the buttermilk. 

In flavor and aroma the buttermilk from the treated cream compared 
very favorably with the starters. 

The addition of citric acid or its equivalent in sodium citrate in amounts 
not to exceed 0.2 per cent of the weight of the cream is sufficient to produce 
an increase in the score of the butter made from the cream. Their addition 
in the starter only, is noticeable in the score of the butter. 

In conclusion the authors wish to express their thanks to Charles Pfizer 
and Company, Inc., for the fellowship that has made this work possible, 
and to those gentlemen who gave their time and services in the scoring of 
the Samples of butter. 



THE ACTION OF MILK FAT AS A FOAM DEPRESSANT 

ABRAHAM LEVI TON and ALAN LEIGHTON 

Bureau of Dan \j Industry , IT. S. Drparlmr nt of Agriculture , Washington, D. C . 

The action of lipoid substances as foam deterrents is a well-known phe- 
nomenon. Eichholtz (1) concluded that the action of these substances was 
due to the removal by them of the protein adsorbed at the air-solution inter- 
face. Van Dam (2) attributed the destructive action on foam of the fat 
globules in milk to the distortion produced in a thin film when the thick- 
ness of the film approached t lie dimensions of the "lobules. Sommer and 
Ilorral (3) assumed that the reduction in foaming power occurred because 
the serum did not adhere to the fat globules with a force equal to the co- 
hesion of the serum for itself, as a consequence of which a point of weak- 
ness existed in the neighborhood of the fat globules. King (4) recently 
observed by means of a microscope the changes occurring in skim milk foam 
when the fat contained in whole milk is permitted to act on it. ITe sug- 
gested as a possible explanation of the observed changes the lowering in sur- 
face tension due to the formation of a fat film. Reference was made in the 
publication to the work of JMohr and Brockman (o) who observed a lower- 
ing in superficial viscosity corresponding to an increase in the fat content 
and to a decrease in Ihe foaming power of milk 

The results of investigations in this laboratory on surface phenomena in 
milk products are concerned in part with the views expressed by the various 
authors quoted above These results will be presented and discussed in this 
paper. 

Experimental 

In the following experiments the surface properties of milk serum pro 
pared from skim milk by ultrafiltration w r ere compared with the surface 
properties of milk serum containing one per cent by volume of added skim 
milk. The addition of the skim milk to its serum produces a marked de- 
crease in the foaming power of the serum, an effect wii ich may be demon- 
strated to be due to the minute lipid content of the resulting suspension. 

The following measurements were made : 

(1) Foaming power 

(2) Surface tension (dynamic and static) 

(3) Superficial viscosity 

(4) Adsorption of nitrogenous material 

Measurement of Foaming Power: To measure foaming power, 20-cc. 
samples were measured into graduate cylinders and agitated, uniformly, in 
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pairs to give relative values for the quantity of foam remaining one minute 
after agitation has ceased. Typical results obtained by means of this pro- 
cedure are included in table 1. 


TABLE 1 

The dynamic and static surface tension values of water and milk serum solutions . The 
relative foaming capacities of these solutions 


SYSTEM 

SOLUTION 

RELATIVE 

foaming 

CAPACITIES 

DYNAMIC 

VALUES 

(JET 

METHOD) 

| DYNAMIC 
i VALUES 

(RING 
METHOD) 

STATIC 

VALUES 

(RING 

METHOD) 


Water 


dynes/cm. 

72.0 

dynes/cm . 
72.0 

dynes /cm. 
72.2 

Serum 

Milk serum 

Milk serum 

1.0 

72.0 

61.3 

51.1 


+ 1% skim milk 

0.5 

72.0 

61.3 

50.7 


Measurement of Surface Tension : Static surface tension measurements 
were made by the ring method. Dynamic measurements were made accord- 
ing to the method of capillary jets, as described by Itaylcigh (6) and ac- 
cording to a procedure based on the ring method and differing from it only 
in that the surface of the solution under investigation was continuously re- 
newed during a measurement by the slow and controlled overflow at the 
surface of the solution. 

The measurement by the method of capillary jets furnished information 
concerning the tension of surfaces 1/200 second old, while the modified ring 
method permitted the measurements of dynamic tension corresponding to a 
somewhat older surface. 

Typical results are given in table 1. The values given for the dynamic 
surface tension as* determined by the method of capillary jets represent 
merely those calculated relative to that of water on the basis that the ten- 
sions vary inversely as the square of the wave-length of the jets. 

The differences in the jet characteristics studied bear no correspondence 
to differences in foaming power. Thus, both milk serum and the serum 
containing skim milk show the same dynamic surface tension as pure water. 
Neither the dynamic, nor the static values as determined by the ring method 
show any significant differences in the tensions of the two solutions. Con- 
sequently, contrary to the ideas expressed by King, it is hardly likely that 
the action of the fat in milk as a foam deterrent is to be correlated with its 
action as a surface tension depressant. 

Measurement of Superficial Viscosity: Superficial viscosity determina- 
tions by the method depending upon observations of the damping of a tor- 
sional pendulum yielded values for milk serum, and for the serum contain- 
ing skim milk, which were much greater than the value for pure water. No 
significant difference, however, existed between the surface viscosities of the 
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two solutions. The data pertaining to the^e measurements are omitted. It 
was found difficult to obtain reproducible results by this method, probably 
because of difficulty in the production of surfaces of the same age. In 
order to avoid this difficulty, a procedure was developed depending upon 
the impedance offered to the rise of small bubbles through a slightly in- 
clined tube containing the solution under investigation. The ratio between 
the time required for a bubble to travel one centimeter, in the solution under 
consideration, and the time required for a babble of the same size to tra- 
verse the same distance in a sucrose solution of the same bulk viscosity and 
of approximately the same density as that of the solution under investiga- 
tion, was arbitrarily taken to represent an index of the magnitude of viscous 
forces localized on the surface of the bubble. The indices obtained in this 
manner are given in table 2. The size of the bubble, and the bulk viscosity, 
and density of the sucrose solution require control, inasmuch as they are 
factors influencing the rate at which the bubble rises. 


TA1JLE 2 

The viscosity and superficial viscosity indices of various reference solutions , and of mill: 
serum solutions, as determined by observations of the rale of rise of small bubbles 


S\ STEM 

i 

SOLUTION 

i 

! 

RADIUS OP 
BURBLE 

\ ELOCITY OP 
BUBBLE 

SUPERFICIAL 

VISCOSITY 

INDEX 

RELATIVE 
VISCOSITY 
30° C. 

H.O = 100 


i 

cm. 

cm. /see. 



Ref erenee 

Water 

0.25 

4.3 L 


1.00 

Solutions 

7% sue rose 

0.25 

3.30 


1.16 


117* “ 

0.25 

2.00 


1.32 


20% “ : 

0.25 

2.50 


1.88 


30% ‘ ‘ 

0.23 

1.88 


2.98 


40% “ 1 

0 25 

l 17 | 


5.48 

Scrum 

Milk serum 

Milk serum 

0 30 

1.41 

2.34 

1.16 


+ 1% skim milk 
Serum 4- 2% j 

0.30 

1.71 

1.93 

1.16 


skim milk 

0.31 

1 84 

1.79 , 

1.16 

The results indicate that 

the addition of skim milk to milk 

serum pro- 


duces a decrease in the superficial viscosity index of the serum. This change 
may possibly be due to the lubricating action of the fat. However, it is 
doubtful whether this decrease in the superficial viscosity index is sufficient 
to account for the marked differences observed in foaming power inasmuch 
as the superficial viscosity of the serum, even after the addition of milk, is 
quite marked. Supporting this conclusion is the observation (date not 
recorded in this paper) that the superficial viscosity of a dilute sodium 
oleate solution of marked foaming power is the same as that of a suspension 
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of weak foaming power, containing free oleic acid in addition to sodium 
oleate. 

In contradistinction to the results of superficial viscosity measurements 
by the observation of the damping of a torsional pendulum, the results of 
superficial viscosity determinations on sodium oleate solutions by the 
method described above indicate the existence of a viscous force consider- 
ably greater than that belonging to pure water. 

Adsorption Determimtions: The method used to measure adsorption was 
similar to that employed by McBain (8) and his collaborators. Bubbles 
uniform in size of measured volume and area were removed after their pas- 
sage through a slightly inclined tube containing the solution under investi- 
gation; and from determinations of the weight of the solution resulting 
from the collapse of the bubbles, and of the concentration of the nitrogenous 
material in this solution, in the original solution, and in the residual solu- 
tion, the quantity of nitrogenous material adsorbed per square centimeter 
of surface was calculated. 

Nitrogen determinations were made by means of the Arnold-Gunning 
modification of the Kjehldahl method. AJ1 samples were run in duplicate. 
Distillation w T as effected by means of steam according to the method de- 
scribed by Allen in which the essential features of the miero-Kjehldalil ap- 
paratus are utilized for ordinary Kjehdahl determinations. In order to ob- 
tain a sharp endpoint, the distillate before titration was reduced in volume 
to 50 cc. by distillation under vacuum. The mean deviation of 42 determi- 
nations approximated 0.002 mgs. of nitrogen per gram of sample. 

The adsorbed nitrogenous material was assumed to consist entirely of 
lactalbumin, and calculations of the weight of adsorbed material were made 
on this basis. The total area of the films was calculated upon the assump- 
tion that the individual bubbles were spherical. However, the shape was 
more nearly that of a distorted ellipsoid, and consequently the values cal- 
culated for the quantity of adsorbed material should be considered higher 
than those corresponding to the actual shape. For comparative purposes 
such as these experiments are intended, absolute adsorption values are of 
no particular significance. It is only necessary that the bubbles in the 
various solutions should be uniform in size inasmuch as Gans and Harkins 
(9) have shown lhat the degree of adsorption varies with the size of the 
bubble. 

Results 

The results given in table 3 indicate that over a wide range of dilutions, 
the adsorption values of milk serum are nearly constant, and hence that the 
adsorption film may be considered as saturated even in the most dilute 
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serum solution. Upon the addition of 1 per cent by volume of skim milk 
the surface remains saturated with respect to the quantity of adsorbed 
nitrogenous materials ; and consequently the decrease in the foaming power 
of the serum cannot be explained on the basis of a change in the closeness 
of packing of the adsorbed molecules, in substantiation of the results ob- 
tained by means of surface tension measurements, and decidedly in conflict 
with the views expressed by Eichholtz. 

Spreading Power and Foaming 

The change in the foaming power of the serum may be demonstrated 
to be due to the introduction of milk fat. Concomitantly forces evidently 
originate tending toward the destruction of a liquid film. The theories 
advanced by Van Dam and Sommer and Horral, as described in the intro- 
duction, are concerned with these destructive forces. That proposed by 
Van Dam leads to the conclusion that the destructive action should be inde- 
pendent of the spreading power of the emulsified fat or oil ; that proposed 
by Sommer and Horral suggests that the less the tendency of the fatty 
material to spread the greater its tendency to destroy the film. Both 
theories lead their respective authors to the conclusion that the coarser the 
dispersion formed from the lipoid substances the greater the destructive 
action if this material. That these theories are open to criticism may be 
demor trated by a simple experiment. Thus, Squibbs mineral oil, which 
does not spread on water and which forms a coarse dispersion with milk 
serum, exerts only an insignificant depressant action oil the foaming power 
of the serum in contradistinction to the marked depressant action of butter- 
fat, oleic acid, or triolein, substances which spread on water and which form 
fine dispersions with milk serum. 

Edser (10) has pointed out the resemblance existing between the spread- 
ing of a rupture in a soap bubble and the spreading of a film of grease over 
pure water. The contraction of the soap bubble due to the. spreading of a 
rupture has its analogue in the contraction of the surface of pure water 
due to the spreading of a film of grease. This analogy suggests that the 
presence in a thin liquid film of a substance which will spread may be con- 
sidered tantamount to the existence of a rupture with the obvious excep- 
tion that in the case of the spreading substance a thin film of the substance 
would remain, the stability of which would be such that it would also vanish 
quite readily. Where the size of the globule of spreading substance is in- 
sufficient to displace the entire film, a region of weakness would exist in that 
portion of the film displaced by the spreading substance. 

The rupture of a highly viscous lamella of ice cream mix may be ob- 
served to spread quite slowly. If a drop of linseed oil is placecf on such a 
lamella the spreading of the oil occurs at a slow rate, and the displacement 
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of the entire lamella by the oil may be observed. In this manner the com- 
paratively stable ice cream mix lamella is replaced entirely by an unstable 
oil lamella. 

It is proposed that the observed decrease in foaming power occurring 
when skim milk is added to milk serum is capable of interpretation on the 
basis of the equivalence noted between a rupture and the presence of a 
spreading substance in a thin film. The contractile forces arising with the 
formation of a liquid film, as a result of f lie tendency of the fat globules to 
spread, effect the destruction of the film in much the same way as a mechan- 
ical rupture. 

It is interesting to note that the foaming power of milk decreases with 
an increase in temperature from 80° C. to 20° (-. King (11) has recently 
presented evidence to show that the portion of the surface of milk covered 
with a film of fat inereases with a rise in temperature from 10° 0. to 20° C. 
These results, therefore, indicate that the decrease in foaming power may 
be explained on the basis of the increase in the tendency of the fat to spread 
as the temperature rises. 


SUMMARY” 

The action of the milk fat in milk as a foam depressant has been dis- 
cussed in connection with the theories which have been proposed to xplain 
the phenomenon. The consequences of these theories have been inves gated 
experimentally. Contrary to some of the ideas expressed adsorption ex- 
periments indicate that the action of milk fat is not due to the removal by 
the fat of the protein adsorbed at the air/milk scrum interface; and surface 
tension, and superficial viscosity measurements indicate that the action is 
not attended by any significant changes in the dynamic and static surface 
tension, or in the superficial viscosity of milk scrum. 

The destructive action of milk fat and other lipoids on foam depends in 
some way upon the ability of these substances to spread on pure water, and 
consequently the theories relating to the destructive action of fat on foam 
which do not take into consideration the importance of spreading, are open 
to criticism. 

It has been pointed out that the presence in a thin film of a globule of a 
substance which will spread may be considered tantamount to the existence 
of a rupture, and the suggestion has been made that the decrease in foaming 
power occurring -when skim milk is added to milk serum is capable of inter- 
pretation on the basis of the equivalence noted between the existence of a 
rupture, and the presence of a spreading substance in a thin film. 

Procedures have been described for the measurement of dynamic surface 
tension, and of an index of superficial viscosity . 
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THE DISTRIBUTION OF PIIOSPHOLIPOIDS IN CREAM 
J. L. PERLMAN 

State Food Laboratory, New York State Department of Agriculture 
and Markets, Albany, N. Y. 


The variation of phospholipoids with the fat contents of creams, their 
probable relationship to the colloidal systems of milk products and their 
concentration to effect the presence of maximum quantities of a certain 
definite form of assimilable phosphorus were the chief considerations lead- 
ing to this investigation. 

In spite of the accepted recognition of the excellent emulsifying and 
other properties of lecithin and its allied phospholipoids rather little is 
found in the literature relative to their physical-chemical functions in milk 
and cream systems. Palmer and Wiese (11 (2) recently, in studying sub- 
stances adsorbed on the fat globules in cream, substantiated evidence indi- 
cating that, phospholipoids together with a mixture of certain proteins are 
invariably present as a stabilizing mixture in conjunction with the fat 
globule, and found that artificial milks prepared by dispersing milk fat in 
an aqueous suspension of (egg-yolk) phospholipoid yielded cream which 
separated more nearly like natural cow’s milk than like milk fat dispersions 
having buttermilk, ealicum caseinate, laetalbumin, and globulin respectively 
in the stabilizing sols. This observation indicates the possible importance 
of the presence of lecithin in milk and cream with regard to its serving to 
assist in the maintenance of the colloidal system. 

The results of previous investigators indicate that the distribution of 
phospholipoids in milk products varies rather widely. The amount present 
in milk is reported to vary from 0.040 to 0.117 per cent. Bordas and de 
Raczkowski (3) found 09 per cent of the total phospholipoids passing into 
the cream upon separation. Gilkin (4) substantiates this and shows that 
about 3 per cent is retained by the skim-milk fraction while Dornie and 
Daire (5) report larger amounts to be retained in the skim milk. The 
separator slime (6) was found to comprise an appreciable amount of phos- 
pholipoids — about 12.5 per cent. When cream is churned phospholipoids 
are removed and the resultant butter contains lesser quantities than does 
the original cream (2) (7) (8) (9). These quantities, however, are appre- 
ciable and not mere traces as reported by some authors. Cusick, s w 
results are cited by Supplee (9), reports 0.0723 per cent di-stea^l lecithin 
for raw sweet butter, but when his values are recomputed on the basis of 
his recovered lipoid phosphorus they are found to be actua ly twice the 
reported amounts or approximately 0.14 per cent. Smith s value for lipoid 
phosphorus in sweet butter (10) is found to be equivalent also to 0.14 per 
cent of di-stearyl lecithin, thus cheeking Cusick s corrected value. 

Beceivod for publication October 1, 1934. 
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Wiese, Nair and Fleming (11) maintain that the phospholipoid content 
of cream is very uniform and, working with 40 per cent cream, found it to 
be equivalent to 8 mg. of phosphorus per 100 grams for summer cream and 
7.2 mg. per 100 grams of winter cream; and, computing their values on the 
basis of total fatty extract, report 19.9 and 18.2 mg. per 100 grams, respec- 
tively. Their statement is based on results obtained with cream of a defi- 
nite unvarying fat content and probably produced under the same uniform 
conditions and, as will be demonstrated later in this work, cannot be 
applied to cream in general. 

Observations made in this laboratory during the preliminary examina- 
tion of creams of varying fat concentrations for their lipoid phosphorus 
content, revealed that a more or less definite relationship seemed to exist 
between the two components. In general, it appeared that the phospho- 
lipoid content increased almost uniformly with the fat content until a cer- 
tain point of fat concentration was reached when it began to diminish 
appreciably. On the basis of the fatty extract there was an obvious 
decrease in lipoid phosphorus with the increase of the fat content of the 
cream. In table 1 are shown the lipoid phosphorus and fat values obtained 
during the preliminary examination of pasteurized market milk and cream 


TABLE 1 * 

Fat and lipoid phosphorus contents of marled creams 


sample 

FAT 

LIPOID PHOSPHORUS 

I IPOTP PHOSPHORUS 
IN FATTY EXTRACT 

: 

per cent 

mg. per 100 grams 

mg pei lOOgiams 

1* 

4.02 * 

1 34 

28.4 

2 

36.33 | 

3.1 

19.0 

3 

32.68 

5.4 

16.6 

4 

34.90 

5.7 

16.3 

5 

35.58 

6.2 

17.5 

6 

41 24 

60 1 

14.5 

7 

43.49 

5.7 

13 1 

8 

47.30 1 

5.6 | 

10 9 


* Milk. 


These few preliminary values present the possibilities of an interesting 
picture. The phospholipoid increase on the basis of the cream as such with 
the increase in fat and the decrease on the basis of the fatty extract estab- 
lished the fact that a certain loss of phospholipoid takes place as creams of 
increasing fat contents are produced. In short, a great portion of the 
phospholipoid content is removed with the skim milk. 

EXTRACTION METHODS 

It has been found that in the fatty residues obtained by the Mojonnier 
modification of the Iioese-Gottlieb procedure for the determination of fat in 
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milk products are included also the milk phospholipoids. For this reason it 
has been recommended that these residues be employed for the determina- 
tion of lipoid phosphorus (10), (12), (13). Wiese, Nair and Fleming (11) 
with tliis method were able to recover quantitatively known amounts of 
lecithin in simple aqueous dispersions and also in the presence of milk fat. 
Chapman (12) experienced difficulty in the recovery of added amounts of 
lecithin in butterfat. The writer (14) found that slightly higher results 
could be obtained by employing a mixture of absolute alcohol and chloro- 
form as the initial solvent but a persistent flourescence carried through to 
the final solutions of the fatty extracts indicated possible contamination 
with phosphorus in other forms of combination and the method was tem- 
porarily discarded. 

Holm, Wright and Deysher (ID), using a method dependent upon the 
solvent actiou of a mixture of 3 parts of 95 per cent alcohol and 1 part of 
ethyl ether with no provision for subsequent purification of their extracts 
to remove phosphorus from inorganic and other sources secured results in- 
dicating the presence of phospholipoids to the extent of from 0.152 to 0.158 
per cent in milks of from 2.5 to 4.3 per cent fat content. In creams having 
from 27 to 42 per cent fat content they report phospholipoid values of from 
0.224 to 0.284 per cent. In the entire range of milk and eream of from 2.5 
to 42 per cent fat contents their reported values increase from 0.152 to 
0.284 per cent while the writer, working with purified extracts secured re- 
sults of from 0.03 to 0.17 per cent from the same range of fat contents. 
The values obtained with the purification step increase from approximately 
20 per cent to 61 per cent of tin; values reported by Holm ft al ., thus ap- 
proaching agreement with increasing fat content and attendant decreasing 
moisture. Obviously the presence of small quantities of moisture in the 
Holm extraction procedure from the source of the alcohol as well as from 
the milk or cream itself allows the solution of considerable phosphorus other 
than that of the phospholipoids. Extracts made by the writer when apply- 
ing this procedure to milk continued depositing solid material despite re- 
peated filtration for about 24 hours losing up to 17 per cent of their original 
phosphorus. One extract yielding 0.173 per cent of phospholipoids upon 
immediate analysis filtered 24 hours later gave only 0.144 per cent. An- 
other sample of the same milk to which was added 0.3 per cent of the mixed 
inorganic phosphates normally present in milk yielded 0.280 per cent of 
phospholipoids and when filtered 24 hours later only 0.209 per cent. Still 
another sample of milk showing 0.028 per cent of phospholipoids by the 
Mojonnier modification of the Roese-Gottlieb extraction, drying and re-ex- 
traction with chloroform, gave 0.178 per cent by the Holm procedure. Ad- 
dition of 0.1 per cent of KH 2 PO* increased the latter value to 0.199 per 
cent and 0.065 per cent K 2 HP0 4 added to another portion increased it to 
0.196 per cent while the original value of 0.028 per cent remained unaltered 
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by these additions. The moisture present in the extracting mixture of the 
Holm procedure evidently carries with it inorganic phosphorus and thus 
yields high phospholipoid values. 

It was finally decided most convenient and satisfactory to employ the 
Mojonnier modification of the ammoniacal Roese-Gottlieb procedure for the 
extraction of the total fat and lipoids. Three extractions were made using 
a ten-gram sample and the combined solvent was evaporated to dryness on 
a steam bath in a tared 150 cc. fat flask with the aid of a gentle current of 
air from an electric fan. The fatty extract was then dried in an oven at 
100° C. to constant weight (60 to 90 minutes) and the percentage of total 
fat calculated. 

COLORIMETRIC DETERMINATION OF LIPOID PHOSPHORUS 

The fatty residue as obtained above was dissolved in a small amount of 
chloroform and transferred by means of small portions of the solvent from 
a wash bottle to a 50 cc. volumetric flask through a small funnel containing 
a closely packed extracted pledget of cotton. The volume was then adjusted 
to the mark and suitable aliquots were removed for the determination of 
the phosphorus. 

An alic 4 ot containing about 0.10 mg. of phosphorus was transferred to 
a small flat-bottomed platinum dish and evaporated to dryness on the steam 
bath together with 1 cc. of a 50 per cent alcoholic solution of magnesium 
nitrate with the aid of a gentle current of air from an electric fan. The 
dish with the residue was then placed on a hot plate and the heat gradually 
increased until a dry charred mass resulted. The char was finally ignited 
to a white ash in a muffle at about 500° C. The phosphorus was determined 
in the residue according to Smith’s modification of the Bell-Doisy pro- 
cedure for blood phosphorus (10). After moistening with a few drops of 
distilled water 2 cc. of diluted sulphuric acid (1 + 1) were added and com- 
plete solution was effected. The perfectly clear and colorless resulting solu- 
tion was then carefully transferred to a 200 mm. test tube calibrated with a 
mark at 20 cc., the dish washed several times with distilled water, the wash- 
ings being added to the tube, and the volume finally adjusted to the mark. 
A standard was prepared in an identical tube by treating 2 cc. of a standard 
potassium dihydrogen phosphate solution (0.2193 gm. per litre = 0.05 mg. 
per cc.) (15) with the acid and making up to volume. The reagents were 
then added as follows : 2 cc. of 15 per cent sodium bisulphite containing 0.5 
per cent, hydroquinone, followed by 2 cc. of ammonium molybdate accord- 
ing to Briggs (15) -25 gm. ammonium molybdate C.P. in 300 cc. H 2 0 plus 
200 cc. H 2 S0 4 (3 + 5). The contents of the tubes were then mixed well, 
immersed in a boiling water bath for 15 minutes, cooled in running water 
and made up to 50 cc. volume prior to comparison of the clear blue color in 
a colorimeter. 
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PHOSPHOLIPOID-FAT RELATIONSHIPS IN CREAM 

Seven samples of cream of increasing fat content were prepared in the 
laboratory from the same batch of fresh raw milk by simple eentrifugaliza- 
tion in an International type SB centrifuge and analyzed for their total 
fat and lipoid phosphorus contents by the methods outlined. The results 
are show r n in table 2. 

TABLE 2 

Fat and lipoid phosphorus contents of creams made by simple ccntnf ugalization 
of Ihe same raw milk 


CREAM j 

FRACTION 

FAT 

LIPOID PHOSPHORUS 

LIPOID PHOSPHORUS 

IN EXTRAUT 

1 

1 

per cent 

my. per 10u (jms. 

my. per 100 gins. 

Raw Milk ; 

3.52 

1 13 

32.10 

1 

4 47 

1.25 

27.90 

n 

11.10 

2 37 

21.24 

3 

J 11.93 

3 53 

17.09 

4 

3 4.5 8 

5.57 

10.10 

5 ' 

30.52 

5 7 8 

1 5 83 

0 

40 20 

0.10 

15.30 

7 

08.S7 

0 J 8 

9.97 

... 

— 






The values obtained on these samples in general eheeKod those obtained 
in the preliminary work on the market creams (table 1) to the point of ap- 
proximately 35 per cent fat content. Above this point, however, the lipoid 
phosphorus content continued to rise with the fat content and the actual 
point of transition at which the phospholipoids began to diminish as the fat 
content continued to rise occurred at an obviously higher fat concentration. 
This might indicate that phospholipoids are destroyed during the pasteuri- 
zation or aging of cream prior to marketing. Further consideration is given 
this possibility later in this work and in a subsequent paper. 

The w r ide difference of fat content between samples G and 7 rather ob- 
scured the actual point of transition at which the phospholipoids begin to 
decrease as the fat increases continue. It was therefore decided to prepare 
a set of samples of cream of increasing fat contents according to strict 
modern dairy practice. Accordingly, sixteen such samples were made in a 
standard cream separator of the skim-milk screw type using the same batch 
of fresh raw milk. The fat content was increased by careful regulation of 
the skim-milk screw. The samples were quickly cooled immediately after 
their separation and kept at approximately 40° C. until analyzed. The fat 
and lipoid phosphorus contents were then determined in the raw samples 
and also after pasteurization at 143° F. for 30 minutes. The results are 
given in table 3. 

It is noted that the values indicating the rise in phospholipoid content 
as the fat content increases check those given in table 2 rather closely and 
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TABLE 3 


Fat and lipoid phosphorus contents of creams prepared in separator from same fresh raw 
milk before and after pasteurisation 


CREAM 

FRACTION 

FAT 

LII'OID PHOSPHORUS 

lipoid PHOKPiionus» 

IN EXTRACT 

Before 

pasteuri- 

zation 

After 

pasteuri- 

zation 

Before 

pasteuri- 

zation 

After 

pasteuri- 

zation 

Before 

pasteuri- 

zation 

After 

pasteuri- 

zation 



per cent 

mg. ptr 100 grams 

mg . per 100 grams 

Milk 


3.12 

3.07 

0.91 

0.94 

29.17 

30.62 

Cream 

1 

30.46 

10.39 

1.97 

2.10 

18.83 

20.21 

1 1 

2 

11.48 

11.51 

2.25 

2.36 

19.60 

20.50 

< < 

3 

13.34 

13.39 

2.44 

2.51 

18.30 

18.74 

1 1 

4 

16.00 

35.99 

2.93 

3.01 

38.31 

18.82 

* < 

5 

17.11 

17.10 

3.22 

3.22 

18.82 

18.83 

* ( 

6 

19.20 

19.15 

3.41 

3.49 

17.76 

17.90 

* t 

7 

21.39 

21.39 

3.89 

3.61 

38.18 

16.88 

n 

8 

25.36 

25.30 

4.33 

4.34 

17.07 

17.35 

* t 

9 

37.68 

37.81 

6.32 

6.15 

16.77 

36.27 

i i 

10 

46.77 

46.85 

7.59 

7.78 

36.23 

16.60 

i i 

11 

55.24 

55.38 

8.49 

8.71 

15.37 

30.72 

i i 

12 

58.37 

58.48 

8.33 

' 8.42 

14.27 

14.40 

i t 

13 

58.69 

58.87 

8 26 

j 8.45 

14.07 

, 14.36 

t i 

14 

59.12 

59.37 

8.14 

8.69 

13.77 

. 1 4.69 

t i 

15 

59.09 

59.35 

8.36 

8.59 

13.80 

! 14 52 

a 

16 


66.(53 


8.33 

1 

| 12.20 


those in table 1 for the creams haying fat contents up to 35 per cent. The 
results shown in tables 2 and 3 are plotted graphically in figures 1 and 2 
for the purpose of comparison and visualization of what has occurred. 

The transition point (figs. 1 and 2) occurs at 55 to 58 per cent fat con- 
tent. This seems to be evidence to indicate that rapid coalescence or aggre- 
gation of the fat globules has taken place in the cream system at this fat 
concentration and that there is about to take place a partial reversion of 
the colloidal system. This can be better understood when it is remembered 
that lecithin possesses the property of swelling up considerably in aqueous 
medium and, therefore in milk and cream it probably occupies all of the 
space between the fat globules forming an aqueous phospholipoid “matrix” 
for their dispersion. It can accordingly be conceived that the volume of 
this phospholopoid “matrix” which is distributed uniformly throughout 
the continuous phase is diminished with the removal of the skim milk, the 
phospholipoid being itself removed in part. 

In figure 2 we note that about 40 per cent of the phospholipoid is re- 
moved from the fatty extract as the fat content of the cream reaches ap- 
proximately 15 to 20 per cent. Then, until the concentration of the fat ap- 
proaches about 55 per cent, the phospholipoid tends to adhere rather tena- 
ciously to the fat globule. For this reason it is noted that the lipoid phos- 
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Fig. I. The variation of phospholipoids with the fat contents of cream: 1 — cream 
produced in cream separator from same batch of raw milk; L’ — same cream after pasteuri- 
zation; 3 — cream produced in laboratory by ordinary centrif utilization of same batch 
of raw milk; 4 — butter (Cusick; Smith). 

phorus content of the fatty extract remains rather constant in this range, 
the milk serum carried out with the skim milk taking with it a uniform 
quantity of the phosphoitpoid. This obviously concentrates the remaining 
phospholipoid about the fat globule and results in the formation of a fragile 
membrane around it, and as more serum is removed the fragility of this 
membrane is increased until it finally gives way and allows fusion of the 
unprotected fat mass. The fat becomes continuous and probably occludes 
a portion of globules surrounded by unbroken membranes. King (HT) in 
a recent work explains butter as a system containing fat in both the con- 
tinuous and dispersed phases. He maintains that it comprises globules of 
water and globules of fat surrounded with a stabilizing film in a fatty 
liquid. This accounts for the presence of phospholipoids in butter. They 
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Fig. 2. The variation of phospholipoids in the fatty extracts of creams of increasing 
fat contents: 1 — cream produced in cream separator from same batch of raw milk; 2 — 
same cream after pasteurization; 3 — cream produced in laboratory by ordinary centrifu- 
gal ization of same batch of raw milk; 4 — butter (Cusick; Smith). 

remain due to mechanical occlusion during churning rather than to solution 
in the fat as is demonstrated by the fact that filtered melted butterfat con- 
tains no phosphorus. 

It is interesting to note (figures 1 and 2) that Cusick ’s and Smith’s 
figures for lipoid phosphorus in butter fall directly on the line of phospho- 
lipoid decrease, thus substantiating the facts discussed. 1 

To demonstrate that the original milk phospholipoids are divided be- 
tween the cream and the skim milk prepared from it, samples were taken 
from a separator run at a local dairy and analyzed as follows : 

100 GRAMS MILK — 1.24 PER CENT FAT 
containing 1.06 mgs. lipoid phosphorus 

9.8 grams cream - 41.53 per cent 90.2 grams skim - 0.08 per cent fat 

fat contains 5.86 mgs./lOO gms. contains 0.53 mg./lOO grams lipoid 

lipoid P or .57 mg. P or 0.48 mg. 

loss - 0.01 mg. lipoid P 

1 Cusick ’s figure (9) for lipoid P s O a in butter is equivalent to 5.56 mg. of phosphorus 
per 100 grams and Smith (10) gives as averages for 7 samples of sweet butter 5.58 mg. 
of phosphorus per 100 grams and 80.85 per cent of butter fat. 
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Another set of samples prepared from raw milk in the laboratory showed 
the following distribution : 

100 GRAMS MILK - 5.35 PER CENT FAT 
containing 1.32 mgs. lipoid phosphorus 

9.9 grams cream -37.22 per cent 90.3 grams skim -0.168 per cent 

fat contains 5.44 mgs./lOO gms. fat contains 0.82 mg./lOO gms. 

lipoid P or 0.54 mg. lipoid P or 0.74 mg. 

loss - 0.04 mg. lipoid P 

The distribution of lipoid phosphorus in creams of increasing fat con- 
tents and in the resulting skim milk prepared from 300 gram portions of 
milk is shown in figure 3. 

EFFECTS OF PASTEURIZATION 

An attempt was made to verify information given in the literature to 
the effect that heal causes a diminution in milk phospholipoids (38). The 
raw milk and cream samples, the results for which are given in table 3 and 
plotted in figures 3 and 2, were subjected to a pasteurization temperature of 
63-62° C. for 30-35 minutes, cooled, and analyzed for fat and lipoid phos- 
phorus contents as before. No decrease m phospholipoids was effected by 
the heating procedure as is evident by the results given in the table and 
graphs. Further work on the effect of heat on milk phospholipoids is re- 
ported in a subsequent paper (37). 

CONCLUSIONS 

(1) The phospholipoid content of fresh cream increases uniformly with 
the fat content to a point of approximately 55-58 per cent milk fat when it 
diminishes with further fat increases. 

(2) The phospholipoid content of the fatty extract of fresh cream shows 
a variable decrease with the increase of the fat content of t lie cream indi- 
cating a variable loss of the original milk phospholipoids. 

(3) Approximately 40 per cent of the original milk phospholipoids are 
removed with the skim-milk in producing cream of from 35 to 20 per cent 
fat content. 

(4) Little further removal of phospholipoids occurs as creams of from 
20 to 55 per cent fat content are produced. 

(5) Evidence. presented indicates the probable occurrence of a reversion 
of the colloidal system in fresh cream at approximately 55-58 per cent fat 
content. 

(6) No indications were found that heat alone will effect the destruction 
of phospholipoids in milk products. Further work on the effect of heat on 
milk phospholipoids is reported in a subsequent paper. 
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Fig. 3. The distribution of milk lipoid phosphorus in cream and Tesultant skim 
milk as creams of increasing fat content are produced from 100-gram portions of milk. 
(Based on table 3.) 
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THE EFFECT OF HEAT ON MILK PHOSPHOLIPOIDS 

J. Ij. PERLMAN 

State Food Laboratory, Xnr York State Department of Agnculturn 
and Markets , Albany, N. Y. 


The destruction of phospholipoids in milk and milk products durum 1 
heating 1 is by many considered an accepted and unchallenged truth. Bordas 
and de Baczkowski (1) in 1 903 conducted heating tests on milk and con- 
cluded that a considerable portion of the total lecithin present w as destroyed 
at elevated temperatures maintained during IK) minute periods of time. 
Thus they reported that a sample heated for 30 minutes at 60° (\, simulat- 
ing ordinary pasteurization, lost 14 per cent of its original lecithin content. 
At 80° (\ this was doubled, while no greater losses occurred at 95° (\ 
Another sample heated at 95° V. lost but 12 per cent of its phospliolipoid 
content computed as lecithin while a third sample when held in ail autoclave 
at 103-110° <\ for 30 minutes lost 30 per cent of its original lecithin con- 
tent. It is obvious that no uniform relationship between heating and phos- 
pholipoid destruction exists in these reported figures contrary to expecta- 
tions that such decomposition, if due entirely to heat, would be directly 
proportional to the degree of heat as well as to the heating time. The 
results of Bordas and de Baezkowski’s work are given in table 1. 


TAI’LK I 

The destruction of mdk phospholipoids by heating over thirty nunute periods — 
Bordas and de Racskowski 


I.KCITHIN OONTKNT 

per cent 
0.0252 
0.0252 
0.0252 
0.0305 
0.0255 


1IK \Tt MS TK \1 rKKATTT UK 


Heating temperature 
00 
SO 
95 
95 

105-110 


LOSS 


per vent 
14 
28 
28 
12 
30 


In attempted verification of the above, 16 samples of cream of increasing 
fat content separated from the same batch of fresh raw milk were analyzed 
for their lipoid phosphorus contents, subjected to a pasteurization tempera- 
ture of 61-62° C. for 30-50 minutes, cooled, and again analyzed as before 
(2). A drop of diluted formaldehyde had been added to the raw samples 
for the purpose of retarding bacterial growth subsequent to the removal 
of portions for the initial analyses. No decrease in phospholipoids was 
effected by the heating procedure (see table 3 in preceding paper). 

Beceived for publication October 1, 1934. 
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At this point it is interesting to consider Cusick’s recomputed values for 
the lecithin contents of various butters (3). Raw sweet butter showed a 
decrease in lecithin of from 0.145 per cent to 0.104 per cent in 48 days and 
no further decrease to 72 days. Pasteurized sweet butter decreased in 
lecithin content from 0.145 per cent to only 0.136 per cent in 48 days and to 
0.101 per cent in 72 days. Raw ripened butter showed a lecithin decrease 
of from 0.139 per cent to 0.098 per cent in 48 days and to 0.094 per cent in 
72 days while pasteurized ripened butter having a lecithin content of 0.090 
per cent showed no decrease in 72 days. No initial decrease is shown for 
sweet butter upon pasteurization while raw ripened butter has 4 per cent 
less lecithin and pasteurized ripened butter 40 per cent less lecithin. These 
figures indicate unmistakable bacterial enzymatic decomposition of the 
lecithin. Apparently the lecithin decomposing enzyme produced during 
the bacterial ripening process lias a rather high optimum temperature as is 
indicated by the 40 per cent lecithin loss in the pasteurized ripened butter 
as compared to only a 4 per cent loss in the raw ripened butter. 

The possibilities of bacterial enzymatic decomposition of phosphohpoids 
have been studied previously by the writer (4). It was found that there 
exist certain bacteria which produce powerful extracellular lecithin-split- 
ting enzymes and several strains were successfully isolated from chance 
inoculated whole mixed eggs. It is probable that bacterial phospholipoid- 
splitting enzymes having a possible high optimum temperature played a 
significant role in yielding the previously cited results reported by Bordas 
and de Raczkow’ski as well as those of Cusick. 

To secure further evidence that heat alone is not the factor responsible 
for the destruction of milk phospholipoids a sample of fresh raw milk pro- 
duced under very carefully controlled sanitary conditions and having an 
initial bacterial plate count of 3,500 per cc. was obtained, analyzed for 
lipoid phosphorus content, and 100 cc. portions subjected to the action of 
heat and known phosphoiipoid-splitting bacteria. The portions were then 
again analyzed to ascertain any loss in phospholipoid content. The treat- 
ments and results obtained are given in table 2. 

It is evident that heat causes no change in the phospholipoid content of 
the milk. Higher autoclaving temperatures than those used by the previous 
investigators were applied to portions 3 and 4. Very evident carameliza- 
tion occurred in portion 4. The total time this portion remained at a tem- 
perature above 100° C. was w^ell over an hour, yet no diminution of phos- 
pholipoids occurred. The slight differences in the results can be regarded 
to be well within experimental error. 

It might be well to mention at this point that continued heating at 
100° C. of the extracted fatty residues of both egg and milk products after 
constant weight is obtained yields no diminution in lipoid phosphorus. 
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The bacteria present in the milk upon its receipt were obviously not 
of the lecithin-splitting type. This is doubtlessly due to the carefully con- 


TABLE 2 

The effect of heat and lecithin-splitting bacteria on milk phospholipoids. 




LIPOID 

phosphorus 

LIPOID 

1NJRTIOX AND TREATMENT 

TOTAL FAT 

PHOSPHORUS 

IN EXTRACT 


per cent 

mg./ 100 grams 

mg./ 100 grama 

1. Raw fresli milk as received 

2. Pasteurized portion — kept at 

3.98 

1.20 

30.35 

<30-65° 0. for 30 minutes i 
3. Autoclaved portion — kept at 

4.05 

1.38 

29.14 

120-125° U. for 15 minutes 

4. . Autoclaved portion — kept at 

4.07 

1.22 

30.00 

120-325° C. for 30 minutes 

5. Raw portion — incubated at 

4.03 

j 

3.23 

30.52 

37 c O. for 48 hours 

6. Raw milk plus 1% 48 hr. 
broth suspension of leci- 
thin-splitting bacteria in- 
cubated at 37° O. for 24 

3.90 

: 

3.21 

31.02 

hours 

7. Portion No. 6 — incubated 

3.99 

0.54 

13.53 

at 37° O. for 48 hours 

3.98 

0.43 

10.81 

_ — . . — _ 

— 

— — . 

— 


trolled sanitary conditions under which the milk was produced. A gassy 
curd was produced after 48 horn's at 37° C. but there was no decrease in 
the phospholipoid content. 

Portion 6 and 7 were inoculated with a 48 hour broth culture of the 
tentatively named Bacillus lecitosis, nov. sp. which had been isolated from 
decomposing mixed eggs into which it found its way by chance inoculation. 
This microorganism has been found to produce an extra-cellular enzyme 
capable of destroying completely the phospholipoids present in eggs (4). 
In milk it was found to destroy 65 per cent of the phospholipoids in 48 
hours at 37° C. At least three other organisms capable of producing 
lecithin-decomposition have been isolated in this laboratory but their iden- 
tification is as yet incomplete. 

The experimental technic and methods employed in this work were iden- 
tical to those used in the previously reported study of the phospholipoid 
distribution in cream (2). 


SUMMARY 

No evidence that heat alone causes the destruction of lecithin and its 
allied phospholipoids in dairy products was obtained. This is in contradic- 
tion to previously reported results obtained without the consideration of the 
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probable presence of phospholipoid decomposing bacterial enzymes. It is 
shown that certain bacteria are capable of producing enzymes which will 
effect the destruction of milk phospkolipoids. 

REFERENCES 

(1) Bordas, F., and de Bacjskowski, S. Diminution du taux des ldcithines dans les 

laits chauffes. Compt. rend. 136: 50. 1903. 

(2) Perlman, J. L. The Distribution of Pliospholipoids in Cream. Journal of Dairy 

Science 18: 113. 1935. 

(3) Stjpplee, 6. C. The Lecithin content of Butter and its Possible Relationship to the 

Fishy Flavor. Cornell Cniv. Agr. Kxpt. Sta. Mem. 29: 101. 1919. 

(4) Perlman, J. L. A Study of the Analysis of Mayonnaise and the Variability of 

its Egg Constituents. Jour. A. 0. A. 0. 15: 466. 1932. 



A WATERING DEVICE FOR EXPERIMENTAL WORK 

A. D. PRATT and H. A. EDGE 
Virginia Agricultural Experiment Station , Blacksburg 


Some types of experimental work with dairy cattle require that the 
water intake be measured. When adequate numbers of experimental ani- 
mals are used, the cost of water meters to individual stalls is often prohibi- 
tive. The accompanying cut shows our solution of this problem. 

A used ten gallon milk can was mounted on a plank frame which was 
high enough to allow attachment of a standard Star drinking cup. The 
cup was attached to the can by means of standard pipe and fittings. The 
attachment to the can was by means of lock nuts and a rubber gasket. 

AVater was weighed or measured into the can and unused portions 
weighed back or the amount required to refill the can was recorded. Very 
little difficulty was experienced with leakage or spillage, and the device, 
although inexpensive, was altogether satisfactory for our purpose. 

Received for publication October 3, 1034. 
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A STUDY OF THE RELATION OF MATERIALS ADSORBED ON 
THE FAT GLOBULES TO THE RICHNESS OF FLAVOR OF 
MILK AND CERTAIN MILK PRODUCTS* 

L. M. TIIURSTON and J. L. BARNHART** 

Department of Dairy Husbandry, West Virginia University 

The peculiarly rich flavor of buttermilk was noted by Sammis (8) in 
1914 and again (9) in 1920. The authors of this paper have observed re- 
peatedly that the buttermilk resulting from the churning of sweet cream 
possesses a flavor richness that is about equivalent to that of normal whole 
milk, although the butterfat content of whole milk usually is about eight 
times that of buttermilk. It seemed likely, inasmuch as buttermilk is rela- 
tively richer in phospholipids than whole milk or skimmilk, that these com- 
pounds might be responsible in some way for a large portion of the flavor 
richness observed in buttermilk. It also seemed obvious that, if phospho- 
lipids contribute to the rich flavor of buttermilk, they also should be respon- 
sible for a portion of the richness of flavor in milk products which contain 
them, whereas milk products so treated as to remove a portion of the phos- 
pholipids might be expected to have lost some of their flavor richness. 

An excellent summary of the findings of various workers relative to the 
phospholipid content of various milk products is given by Holm, Wright 
and Deysher (5). These authors also have determined the phospholipid 
content of milk and the products manufactured from it. Their work indi- 
cates that the greater portion of the phospholipids of normal milk occurs in 
the plasma and not adsorbed on the fat globules, as over 70 per cent of the 
phospholipids remained in the skimmilk after separation. However, their 
results confirmed the suggestion of Thurston and Petersen (11) that the 
phospholipid content of buttermilk increases as the butterfat content of the 
cream churned increases. This is shown by the excerpts from their data 
given in table 1. 

Palmer and Samuelson (6) and Palmer and Wiese (7) have shown that 
phospholipids form a part of the adsorbed film on the fat globules in normal 
milk, and that these substances are recovered in large proportions in the 
buttermilk after churning cream washed eight times by dilution with -water 
and reseparation. These findings explain why the phospholipid content of 
buttermilk is higher than that of whole or skimmilk and indicate that an 
increase in phospholipid content of buttermilk should be expected when an 

Received for publication October 5, 1934, 

* Published with the approval of the Director of the West Virginia Agricultural 
Experiment Station as Scientific Paper No. 140. 

** Most of the data presented herein were included in a thesis presented by J. L. 
Barnhart in partial fulfillment of the requirements for the degree of Master of Science, 
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TABLE 1 

The phospholipid content of buttermilk from cream of varying richness 
{After Holm, Wright and Deysher (5)) 


FROM MILK 

NO. 

BUTTERFAT <’OV 

OF CREAM 

J>UOHt>]10LU’II> CONTENT 
OF BUTTERMILK 


Per cent 

Per cent 

1 . . 

27.0 

0.284 

2 . 

34.0 

0.318 

3 

42.0 

0.382 


increase in the butterfat content of the cream from which it is churned 
occurs because of the concentration of an increased amount of ‘ ‘ hulls ’ ’ in a 
reduced quantity of plasma. 

At the West Virginia Station a method has been used of estimating the 
phospholipid content of dairy products based on extraction of the Roese- 
Gottlieb fatty residue with three ten-ml. portions of acetone, evaporating 
the acetone, weighing the residue considered to be butterfat, and determin- 
ing the phospholipids by difference. This method admittedly yields only 
approximations, as it has been shown (1) (2) (5) that ether extraction as 
carried out in the Roese-Gottlieb procedure fails to remove all the phospho- 
lipids from the plasma. However, when applied to buttermilk, this method 
yields differences which are in line with the theory, and has been shown 
(10) to be very accurate for prepared fat-phospholipid mixtures. Table 2 
shows these results. The data indicate, as do those of Holm et al. (5), that 
the phospholipid content of buttermilk increases as the fat content of the 
cream churned increases. 

In view of the foregoing information the production of buttermilk from 
very rich cream was selected as a means of obtaining a milk product rela- 
tively rich in phospholipids. For purposes of flavor comparisons, milk 
products of medium and low phospholipid content were desired also. 
Whole milk standardized with skimmilk to the percentage butterfat content 
of the buttermilk served as the product of medium phospholipid content. 
The preparation of a milk product of low phospholipid content was accom- 
plished by emulsifying washed butterfat in skimmilk by means of a homo- 
genizer at pressures such that the fat globules were approximately of the 
same average size as those in the original whole milk as determined by com- 
parison under the microscope. 

The washed butterfat was prepared by repeatedly diluting cream and 
separating it in a de Lavel No. 17 separator. About two quarts of rich 
cream were diluted to 10 gallons with water at approximately 100° F., sepa- 
rated, rediluted, and separated until each cream had been washed 14 times 
or more. Near the end of this procedure, usually at the completion of the 
twelfth washing, a noticeable oiling off of the butterfat occurred which indi- 
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cated that the “hull” substances had been largely removed. Further wash- 
ing appeared to cause a complete oiling off of the butterfat. 

Three different butterfats prepared in this way were analyzed for 
organic phosphorus. For this determination the fats were fused in a fusion 
mixture composed of two parts sodium carbonate and one part potassium 
nitrate. After fusion the mixture was dissolved in hot water and hydro- 
chloric acid, and phosphorus was determined by the colorimetric method of 
Fiske and Subbarow (4). No trace of phosphorus was found in any of the 
samples, thus indicating that the washing removed all or practically all of 
the phospholipids adsorbed on the fat globules in the normal milk, in 
each series the buttermilk and the milk remade by emulsification of washed 
butterfat in skimmilk Mere prepared from the same milk that was used as 
the product of medium phospholipid content Five such series were pre- 
pared and judged 

Regular analyses of each series judged for flavor richness were not made. 
One series was analyzed, however, to make certain that the expected differ- 
ences in phospholipid content actually occurred. In this scries the cream 
used was considerably lower in butterfat content than in the other series 
studied. The phospholipid content was determined as follows: A macro- 
lioese-Ciottlieb extract was prepared according In the method of Bird and 
Sands (1). The phosphorus content of the fatty extract obtained in this 
manner was determined by the method described above for the determina- 
tion of phosphorus in washed butterfat, and the percentage of distearvl 


TAW JO 2 

The quantities of ctlu r-alcohol soluble but a-rrtonr insoluble substancf s in butter null's 
from creams of varying richness 




PVT COM EXT 

MILK 

i ISLAM 

OK OIKVM 



1 ilAHCOKK) 


1 

Pi r cent 


i ! 

18 

A 

o 



3 

71 


1 

17 

D 

o 

37 


3 

64 


1 

12 
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2 

26 


3 

00 


1 

24 
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o 

39 


1 

20 

E 

3 

66 


KTHBK-ALC01I0I, 

SOI, PULE. Af'hTONE 
I \ hOLl’ftl.K NI'F’.ST \NCES 
IX HCTTEISMILK 

Per cent* 
0.2145 
0.2982 
0.4874 


0.2356 

0.4578 

0.5380 


0.1652 

0.1966 

0.3863 


0.2023 

0.2609 

0.2609 

0.3460 


Average of duplicate determinations. 
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TABLE 3 

The phospholipid contents of a series of three milk products prepared for 
flavor comparisons 


MILK PRODUCT 

Buttermilk from cream containing 
35% butterfat 

Normal whole milk 

Milk prepared by emulsifying 
washed butterfat in skimmilk 


PHOSPHOLIPID CONTENT 


Duplicates 

Average 

Per cent 

0.0911 

Per cent 

0.0885 

0.0898 

0.0287 


0.0291 

0.0289 

0.0168 


0.0104 

0,0100 


TABLE 4 

Comparison of the richness of flavor of buttermilk and skimmilk standardised to the 
same fat content ( Babcock test) with normal cream and with washed butterfat 


ORDER OF FLAVOR 
RICHNESS 

BUTTERMILK* 

SKIMMILK 
STANDARDIZED 
WITH NORMAL 
CREAM 

SKIMMILK 
STANDARDIZED 
WITH WASHED 
BUTTERFAT 

First 

20 

3 

5 

Second 

5 

19 

4 

Third . , 

3 

6 | 

19 


* Two of the buttermilks gave a noticeable oxidized flavor. 


lecithin was calculated from the quantity of phosphorus found. The results 
are shown in table 3. 

It will be observed that these results are lower throughout than those of 
Bird and Sands and still lower than those of Holm et al (5). This proba- 
bly was due to the method used rather than to differences in phospholipid 
contents of the products studied by the different workers. However, the 
results shown in table 3 indicate the important point concerned in this 
study, viz., that the samples prepared were of relatively high, medium, and 
low phospsolipid content, respectively. The phospholipids found in the 
sample made up from washed butterfat and skimmilk are undoubtedly from 
the skimmilk inasmuch as the analysis of the washed butterfat as reported 
above showed no determinable trace of phospholipids. 

Each series of milks was judged as soon as it was prepared. The 
samples were judged by a group of men familiar w r ith dairy products who 
were not informed of the identity of the samples. They were selected on 
the basis of their ability to detect differences in flavor richness in standard- 
ized milk samples varying in butterfat content from 1 to 4 per cent, with 
regular differences of 0,5 per cent between samples. Seven were able to 
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place these samples in their exact order of richness or nearly so and were 
selected as judges. There were four of these men who judged the experi- 
mental milks regularly while one or more of the others usually was available. 

The results of judging the five series of milks are shown in table 4. The 
data show a striking relationship between the melhod of preparing the 
samples and their flavor richness. Inasmuch as the samjdes compared 
within each trial were standardized to the same butterfat content, on the 
basis of the Babcock test, it is reasonable to assume that the difference in 
richness of flavor observed was due to variations in the amounts of “hull 
substance” present. Because phospholipids are glycerides of a molecular 
configuration similar to butterfat. and because the order of flavor richness 
of the samples is directly related to the amount of phospholipids expected 
to be present due to the methods of preparing the samples, it is indicated 
that phospholipids contribute to the rich flavor of milk. 

In order to make a more direct determination of the effect of lecithin on 
the flavor of milk, milk lecithin was prepared and dispersed both in skim- 
milk and in synthetic milk. The milk lecithin was prepared by purification 
of the alcohol extract of drj r buttermilk. Two shotgun cans were partly 
filled with per cent ethyl alcohol, and 25 pounds of fresh dry buttermilk 
were stirred into each. The mixtures were allowed to stand for three days, 
being frequently stirred. Occasional additions of alcohol were made to 
replace that which had evaporated. At the end of this period the alcohol 
was removed by means of a hydraulic press operated at a pressure of 
approximately two tons per square inch. The alcohol solution then was 
placed in wide, enameled trays and Ihe alcohol evaporated at room tempera- 
ture with the aid of an electric fan. The residue was taken up in a small 
volume of ether and, without filtering, precipitated with acetone and 
pounded together with a glass rod. The acetone-ether mixture was de- 
canted and the precipitate dissolved in ether, precipitated, and treated as 
before. This procedure w r as repeated three times to remove all but traces 
of acetone-soluble compounds. The precipitate then was emulsified in a 
large excess of w'ater to which a small amount of sodium chloride had been 
added, after which it was reprecipitated by the addition of a quantity of 
acetone equal to one-half of the volume of the emulsion. The precipitate 
then was removed, reemulsified, and treated in the same manner. This was 
repeated three times. The final precipitate was dried by treating with 
acetone, as much acetone as possible pressed out, and the whole taken up in 
ether. The ether solution w>as allowed to stand in tall cylinders until the 
white precipitate, sphingomyelin, settled, after which the ether solution was 
decanted and treated with an excess of acetone. The resulting precipitate 
again was taken up in ether and the process repeated. The substance then 
was dissolved in alcohol and any precipitate allowed to settle out, after 
which the alcohol was evaporated. The residue then was taken up in ether 



136 


L. M. THURSTON AND J. L. BARNHART 


and precipitated with acetone. Finally it was treated with several changes 
of acetone and dried in a desiccator, in vacuum over sulphuric acid. The 
substance thus purified is believed to be a mixture of lecithin and cephalin. 
However, it possesses all the properties of the substances generally referred 
to as lecithin. 

Synthetic milk was prepared according to the method of Clark (3) 
except that the casein used was prepared according to the method of Van 
Slyke and Bosworth (12). To one sample of synthetic milk was added .5 
per cent of washed butterfat, prepared as previously described, to a second 
sample .5 per cent of lecithin was added, and to a third an amount of gum 
arabic equal to that used to emulsify the washed butterfat in sample one. 
A similar set was prepared using skimmilk in place of synthetic milk. The 
judges were unanimous in placing the lecithin samples first, the washed 
butterfat samples second, and the gum arabic samples last on the basis of 
rich flavor. They also observed that the samples containing lecithin were 
distinctly oxidized in flavor and the sample prepared from skimmilk seemed 
to be identical in flavor to the buttermilk samples in which an oxidized 
flavor was noted previously. 

CONCLUSIONS 

That the phospholipids of milk conlribute to the richness of flavor in 
milk products is indicated by the results herein reported. 

Buttermilk from sweet cream has a rich flavor probably because of the 
presence of relatively high percentages qf phospholipids left in the butter- 
milk as the result of their disengagement from the fat globules during 
churning. 
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THE VOGT METHOD OF MANUFACTURING FLAKE 
BUTTERMILK 

E. S. GUTHRIE 

Department of Dairy Industry, Cornell University, Ithaca, New Yorlc 

The Vogt method of making flake buttermilk was discovered by Gerald 
Vogt, Assistant Superintendent of the Cohort on plant of the Wetmiller 
Dairy and Farm Products Company, Inc., Cohocton, New York. It is a 
simple method of forming flakes or granules of butter in buttermilk that 
can be employed on either a small or a large scale. It consists of spraying 
melted butter into cold cultured buttermilk during constant agitation. 

DETAILS OF MANUFACTURE 

The first step in the manufacture of this product is to make a superior 
cultured buttermilk. In the manufacture of cultured buttermilk, it is 
desirable to select good skimmilk. Then, usually, salt should be put into 
the skimmilk at the rate of two to four ounces per ten gallons of skimmilk. 
The purpose of adding the salt is to improve the flavor and to make a 
smoother, or less lumpy buttermilk. At this point the skimmilk should be 
pasteurized by heating to a temperature of approximately 190° F. for 30 
minutes, after which it should be cooled to a holding temperature of about 
70° F., when it must be inoculated with a good starter. The incubation or 
ripening period will require about 12 to 13 hours. An acidity of approxi- 
mately .75 per cent total acidity expressed as lactic acid, ordinarily is 
satisfactory. 

This curdled skimmilk now should be cooled to approximately a storage 
temperature of about 40° F. during which time sufficient agitation must be 
applied to assure a smooth, or lumpless body. It can then be sold as cul- 
tured buttermilk or used in making flake buttermilk by the Vogt method. 

For the Vogt method, a sufficient amount of good butter should be 
melted to supply all, or a part, of the milkfat up to 1 per cent. If the 
buttermilk is to contain 1 per cent milkfat, some of it could well be added 
in the form of homogenized cream. The milkfat that is to be supplied in 
the form of flakes should be heated in the sprayer to 120° F., at which time 
the butter color should be put in. Usually about five to ten times as much 
color should be used as in the manufacture of butter, for it is essential that 
the flakes be easily seen. On the other hand, they should not be too highly 
colored. Mr. Vogt advises that water should be added to the butter, making 
a mixture of water and milkfat of about one-third water to two-thirds 
milkfat. 

A good sprayer is essential. The one used in this experiment was 
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Brown’s Auto-spray which is commonly used for spraying fly-killing mix- 
tures, disinfectants, and the like. Other sprayers may do just as well. At 
this time in the process the water-milkfat mixture should be heated in the 
sprayer to 180° P. for several minutes, in order to kill the microorganisms 
in both the mixture and the sprayer. Then the contents of the sprayer 
should be cooled to about 120° F., when the milkfat may be sprayed directly 
on to the surface of the cold-cultured buttermilk while it is being constantly 
agitated. During this stage of the process the sprayer should be shaken 
often, so that the water and milkfat will be maintained in a reasonably good 
emulsion. If it is desirable to make a finished product containing one per 
cent milkfat, or any other definite amount, the loaded sprayer should be 
weighed and then as the load is reduced in weight, additional weighings 
should be made. 

OBSERVATIONS 

The flakes in the buttermilk that have been made by the Vogt method 
are flat and somewhat ragged in general appearance, and they vary con- 
siderably in size. Uniform spraying and agitation are the main factors in 
controlling the size of the flakes. The particles of butter that are formed 
in the churning method are more uniform in size, and they are round. 

The sanitary feature of the Vogt method is important. The sprayer 
which is made of metal is readily cleaned and scalded. The wooden churn, 
on the other hand, is most difficult to keep sanitary, particularly when it is 
not used daily. 

The Vogt-method buttermilk is easily and economically made for the 
cultured buttermilk from which it is manufactured can be stored, and 
within five minutes it can be transformed to flake buttermilk. Also, if on 
account of age or other reason, the original-stock supply goes bad, the milk- 
fat is not lost, for it may be added only when the flake-buttermilk order has 
been received. 

A comparative body and flavor study was made of (a) churned-cream 
buttermilk, (b) ehurned-flake buttermilk, and (e) Vogt-method buttermilk. 
Four sets of five samples each were run in which a sample of each set was 
examined on five consecutive days. 

The body of the churned-cream buttermilk was free from lumps and 
poured like sweet milk. The other two buttermilks possessed rather heavy 
bodies with casein particles sufficiently large to appear lumpy. The flavor 
of the churned-cream buttermilk was preferred by persons accustomed to 
the “old fashioned” buttermilk in which there is a definite flavor of the 
butter. The other two buttermilks contained a fatty flavor that approached 
that of butter. The flavor of all three types of buttermilk was maintained 
splendidly for five days. 



American Dairy Science Association Announcements 

ANNUAL MEETING AMERICAN DAIRY SCIENCE ASSOCIATION, 
UNIVERSITY OF MINNESOTA, UNIVERSITY 
FARM, ST. PAUL, JUNE 25 to 27, 1935 

( JENERAL IN F< >R M A TION 

The meeting will open officially on Tuesday, June 25th. Registration 
will begin on Monday, June 24tli, and a conference on judging dairy prod- 
ucts will be held during the afternoon of that day. There will be no con- 
ference on judging dairy cattle this year. Rooms will be available in the 
College of Agriculture dormitories at 75^ per person per night. Further 
details will be published in the succeeding issues of the Journal of Dairy 
Science. 

CALL FOR FACERS AND ABSTRACTS 

This is the first hut not final official call for papers for the scientific 
sessions of the Association . Individual notices trill be sent to members 
or to Department Iliads . It is anticipated that scientific programs defi- 
nitely will he conducted in the subject matter fields of production, manufac- 
turing and extension. Interest is being manifested in possible programs 
regarding dairy engineering and regarding teaching problems and methods, 
as announced in the November 3924, and January 3925, issues of this 
Journal. Tentative plans are under way for a general scientific session to 
be held jointly with other agricultural science associations that will be in 
session at the University of Minnesota during the same week. Jt is possible 
that this meeting will be called a meeting of Section 0 of the A. A. A. S. 
that will also hold its summer meeting at the University of Minnesota dur- 
ing the week of June 24th. 

Members are invited to send titles of papers to the program committee. 
Non-members are permitted to read papers if a member of the American 
Dairy Science Association is a co-author. All papers must represent 
original work not previously published. 

Titles of papers should be accompanied by or followed by abstracts both 
of which must be in the hands of the chairman of the program committee 
by May 1st . Authors are invited to indicate the section before which they 
desire to present their paper. 

The members of the program committee are II. A. lluehe, J. M. Sherman 
and L. S. Palmer, chairman. The latter may be addressed at Biochemistry 
Building, University Farm, St. Paul, Minnesota. 
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The American Dairy Science Association was organized to advance the general wel* 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 

Membership shall consist of two kinds: (1) active, (2) associate. 

The qualifications for membership in the two classes are as follows: (a) Any per- 
son is eligible to active membership who is formally announced by an Agricultural 
College, or Experiment Station, or by the Bureau of Dairying of the United States 
Department of Agriculture as an instructor, extension worker, investigator, or adminis- 
trative officer connected with the dairy industry, or (b) anyone filling a position of 
responsibility connected with the dairy industry and who has had a college or University 
training in technical science, or anyone filling a responsible position in the industry of 
a professional character requiring a technical knowledge of dairying of a high order. 

Any person is eligible to associate membership who is regularly enrolled in a col- 
legiate course in a college of Agriculture and who is specializing in dairying. Associate 
membership is attained by election to membership in a local chapter of the American 
Dairy Science Association. 

The dues are $5.00 a year for active membership. Correspondence regar ding mem- 
bership and dues should be addressed to B. R. Graves, United States Department of 
Agriculture, Washington, D. C. 
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THE RELATION OF THE FAT CONTENT OF MILK TO TIIE 
PASSAGE OF THE MILK CURD FROM THE 
STOMACH OF THE CALF* 

I). L. ESPE and C. Y. CANNON 
Iowa State College , Ames, Iowa 

When the calf has readied the age of three weeks or more, it is the 
practice of most dairymen to replace ihe whole milk with skim milk, sup- 
plemented by grain and hay. The removal of the fat from the milk nar- 
rows the nutritive ratio of the milk from 1: 3.9 to 1: 3.5. The addition of 
grain and roughage tends to widen this ratio again. Though the calf’s 
stomach F especially designed to handle large amounts of fiber, there is 
still some question as to the age at which it is most practical to begin 

replacing a fiber-free energy food, like fat, with large amounts of grain 

and roughage. 

In addition to the physiological effect of bulk the omission of fat may 
be of importance in other ways not generally recognized. For instance, 
the calf is very susceptible to bowel disturbances during the first few 
weeks of its life. Favorite remedies at this time have been to dilute the 

milk with lime water, add barley water, or, boil the milk. All of these 

modifications of milk are designed to make it more digestible in the sense 
that a more friable, more easily liquefied curd is formed in the stomach. 
Other nutritive changes may of course accompany these modifications. On 
the other hand it is generally recognized (3), (4), (7), that fat tends to 
inhibit the rate of evacuation of the stomach. Alley, MacKenzie and Web- 
ster (1) are of the opinion that fat diminishes the peptic power of the 
gastric juice. The question immediately arises, does the amount of fat 
commonly found in milk play a favorable or unfavorable part during these 
periods of indisposition ? Is it desirable or undesirable to speed up the rate 
of evacuation of the stomach at this time and what part does the fat in 
whole milk play in controlling the stomach processes ? 

The nutritive value of the fat is unquestioned. Not only does fat serve 
as a source of energy and as a carrier of the fat soluble vitamins but pos- 
sibly as the source of certain fatty acids essential to life. However, the 

Beceived for publication October 22, 1934. 
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economy of whole milk as a food source makes a knowledge of the body 
reserves of these elements important. 

EXPERIMENTAL 

Two trials in consecutive years were run in obtaining the data to be 
reported. In both trials, calves with rumen fistulas were used. The fistulas 
were usually made when the calves were about two weks old. The test meal 
was placed in a liter bottle and allowed to flow directly into the abomasum 
through a one-quarter inch rubber tube. By running the tube through the 
fistula directly into the stomach the effects of dilution by saliva or fluid in 
the rumen w f as avoided. No grain or hay was fed while the trials were in 
progress. At varied intervals, however, the muzzles were removed and the 
calves allowed to eat ad libitum. Before a trial was started the rumen and 
reticulum were washed out. Sufficient time was then allowed to elapse until 
no food could be found in the omasum or abomasum. A mineral mixture of 
salt, steamed bone meal, iron oxide, copper sulfate and potassium iodide was 
fed, supplemented by cod liver oil. 

The time required for liquefaction and evacuation of the stomach was 
determined by palpating the curd mass through the walls of the rumen and 
abomasum. In calves, the abdomen lies almost directly beneath the rumen 
when the latter is empty. As the walls of both stomachs are relatively soft 
and elastic, any object the size of a pea or larger can be readily located in 
the abomasum by palpating the floor of the rumen. In fact the authors feel 
that the exact time at which all food leaves the stomach can be more readily 
determined in this way than by either Roentgen ray photographs or by 
acidity curves. The use of acidity curves to supplement the palpation 
method would of course, be desirable. However, no method probably dis- 
turbs the normal physiological processes less than palpation if the effect of 
barium sulfate in the meal is considered in the taking of Roentgen ray 
photographs. In fact, after some experience the hand can be inserted into 
the rumen without the calf being scarcely more than conscious of the act. 

For the first few* trials the abomasum was palpated every hour after 
feeding. Near the end of the trial the stomach was palpated every fifteen 
to twenty minutes to determine the exact end point. When the first few 
trials were completed and the length of the digestive period for the respec- 
tive calves determined, then only the palpations at the end of the period 
were required. 

Digestion was considered sufficiently complete when only small amounts 
of curd (5 to 10 grams) could be located by palpating the abomasum. As 
soon as this stage was reached the fingers were inserted into the abomasum 
and the remaining curd removed and weighed. These curds served as a 
check on the end point of digestion. 

In the first series of trials (5) the milk from two Holstein cows was 
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mixed and used. All milk was separated, standardized to the desired fat 
content and then viscolized to prevent the fat from separating out. The 
skim milk was also viscolized. The skim milk trials were conducted first, 
followed by those with three and six per cent milk respectively. 

In the second series of trials an attempt was made to avoid any effect 
of advancing age by alternating the skim milk trials with those comparing 
three per cent and six per cent milk. The average time for the evacuation 
of the stomach with each type of test meal was then computed for each 
calf. The calves were not fed for 24 hours previous to being given the test 
meal. Eight hours before the test meal was given the abomasum was ex- 
amined for any food present and all curds removed manually. Never more 
than two trials were carried out in any one week in order that the calves 
might regain any lost weight as a result of the previous trial. The milk 
used throughout the second series of trials came from different cows from 
those used in the first series but the same milk was used in each trial. How- 
ever, the curd tension of this milk was very similar to that used the previous 
year. In these latter trials whole milk was used instead of milk standard- 
ized to three per cent fat. The milk actually tested about 2.8 per cent. 
The milk standardized for the high fat trials actually tested 5.8 per cent. 

Two other slight differences between the two series should be mentioned. 
In the first series, no attempt was made to control the rate of flow of the 
milk into the stomach nor was the temperature of the milk closely controlled 
except to be sure that it was warm. Jn the second series of trials the rate 
of flow of the milk was adjusted so that approximately two minutes were 
required for the test meal, one liter, to flow into the stomach. This was 
done in an attempt to simulate conditions occurring when the calf sucks 
the cow. The temperature of the milk was also closely controlled between 
35° and 37° C. 


RESULTS 

From table 1 it will be seen that in each case one liter of skim milk re- 
quired longer to leave the stomach than one liter of milk containing three 
per cent fat. Also, one liter of three per cent milk required longer to leave 
the stomach than the same amount of milk containing six per cent fat. The 
difference in time between the trials with skim milk and those with milk 
containing three per cent fat is greater, however, than between the trials 
with milk containing three and six per cent fat. 

In table 2 the same general trend is observed though the results are less 
uniform. No figures are given for the amount of curd removed as an arbi- 
trary value was chosen by which the time for complete evacuation of the 
stomach was calculated. Curds weighing five grams or less were assumed 
to “ digest’ * at the rate of five grams per hour. Curds weighing six to ten 
grams were assumed to “ digest’ ’ at the rate of six grams per hour. No dif- 
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Dry weight of curd still remaining in the stomach at the end of the test period. 
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TABLE 2 

The relation of the fat content of the milk to the passage of the milk curd from the 

stomach of the calf 
ISeries 2 


’ALF NO. 

NO. OF 
TRIALS 

I KIND OF TREAT* 

| MKNT 

TOTAL TIME FOR 
OF CURD IN 

LIQUEFACTION 

STOMACH 

47— Ii 

9 

J Skim milk 

16 lirs. 

20 

min. 

( ( 

14 

3 per cent milk 

12 * ‘ 

22 

‘ « 

( < 

4 

6 per cent milk 

10 “ 

39 

1 1 

47-X 

7 

. 

Skim milk 

16 lirs. 

26 

min. 

i t 

9 

3 per cent milk 

12 “ 

57 

( « 

1 1 

4 

6 per cent milk 

12 “ 

3 

t i 

4 7- A -3 

4 

. Skim milk 

19 lira. 

13 

min. 

* ‘ 

5 

3 per cent milk 

17 “ 

21 

< t 

( t 

0 

, 6 per cent milk j 

15 “ 

45 

{ t 

47-A-4 

(5 

i 1 

Skim milk 

17 hrs. 

41 

min. 

‘ 1 

6 

■ 3 per cent milk 

15 “ 

35 


t i 

t 

Total 

Number 

Trials 

6 per cent milk 

13 “ 

15 

( t 

Average 

26 

' Skim milk 

17 lira. 

25 

min. 

of 4 

34 

3 per cent milk 

14 “ 

34 

< i 

calves 

19 

; G per cent milk ! 

i 1 

12 1 1 

56 

( i 


ference was made between curds from skim milk, milk containing three or 
six per cent fat. 

DISCUSSION 

In this study no measure was made of the stage of proteolysis reached by 
the milk curd but simply determinations of the rates at which the protein 
curds were liquefied and left the stomach. Several physiological disturb- 
ances, however, may have influenced liquefaction. Even the same stomach 
rarely digested aliquot samples of milk in the same length of time, while the 
variation in digestion time between the different calves was even greater. 

Though there is some indication that the curd formed from skim milk 
leaves the stomach more slowly than when either three or six per cent fat 
has been added, the difference is not highly significant due to the marked 
variation in evacuation time between trials with the same kind of milk. 
Changes in barn temperature, appetite and the changing state of health of 
the animals made it impossible to reduce these daily fluctuations to the point 
desired. In fact, the length of the digestive period was a good index to the 
general physical condition of the calves. 

No definite explanation can he given to show why the calves in one series 
always “digested” the test meals more rapidly than those of the other series. 
The viscolization of the milk may have been responsible for the difference. 
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Quigley, Zettleman and Ivy (6) state that the inhibitory action of fats on 
gastric secretion and gastric motility is due to a humoral effect set up by 
the fats while in contact with the mucosa of the small intestine. Alley, 
MacKenzie and Webster (1) are of the same opinion except that they lay 
more stress upon the nervous phase of gastric secretion. Apparently the 
calf does not have such a mechanism or else the percentage of fat in the 
milk is not sufficient to give a pronounced inhibitory effect. The last ex- 
planation would seem much more logical. In fact, Boggess, Bessie and Ivy 
(3) found that limited amounts of fat did not inhibit the passage of food 
from the stomach. Bergeim and co workers (2) found that skim milk re- 
quired longer to liquefy and escape from the stomach than did milk with 
four per cent fat. In our own experiments the curd which was formed 
from skim milk became semi-opalescent in color and tenacious, almost like 
rubber, in texture while the curd from milk containing six per cent fat was 
very friable, like cottage cheese in consistency. The curd from milk con- 
taining three to six per cent of fat produces a much softer curd in the stom- 
ach of the calf than fat-free milk while this amount of fat is sufficiently low 
to not inhibit the normal functioning of Ihe stomach. It would appear, 
therefore, that the action of the fat is not antagonistic to the commonly 
accepted methods of making the milk more digestible, such as diluting with 
lime water or barley water, or boiling. Though the abomasum of the calf 
being fed inilk is rarely if ever empty, the normal amount of fat present in 
the milk will tend to produce a softer more friable curd which usually leaves 
the stomach more quickly than curd formed from skim milk. 

SUMMARY 

Although whole milk has always been considered preferable for calf 
feeding to separator skimmed milk from a growth promoting standpoint, 
the cost of feeding whole milk makes it desirable to change to skim milk 
feeding at the earliest possible age. In this paper the physiological effect 
of the fat on the rate of evacuation of the stomach is discussed. Curd from 
milk containing up to six per cent fat tends to leave the stomach more rap- 
idly than skimmed mild due to the difference in texture of the curd formed. 
Milk containing this amount of fat does not apparently inhibit gastric secre- 
tion or gastric motility. Fat, in addition to being a valuable source of food, 
would appear to aid digestion when incorporated in the milk in limited 
amounts. 
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THE MECHANICAL CONTROL OF THE FAT CONTENT 
OF SWISS CHEESE 

WALTER V. PRICE and GERALD C. NORTH 
Department of Dairy Industry , College of Agriculture , Madison , Wis. 

The eye formation in Swiss cheese is one of the most important factors in 
determining its market grade. Inspectors commonly establish this grade by 
simply drawing and examining two or three plugs from a wheel of Swiss 
without either smelling or tasting the samples. Dealers justify this pro- 
cedure by stating that the trade is chiefly interested in the eye formation 
and slicing properties and that oilier characl eristics are of so little signifi- 
cance that they may be practically neglected in all except unusual circum- 
stances. Connoisseurs of cheese, who are aware of this condition, believe 
that subordination of flavor and body to eye formation and slicing proper- 
ties will eventually injure the sale of Swiss cheese. 

Within a radius of 50 miles from Monroe, Wisconsin, are located nearly 
200 Swiss cheese factories. During the season of greatest production in 
1933, a study was made in this area to determine, under factory conditions, 
the relation of the mechanical control of the fat content of the cheese to 
the composition and commercial quality of the finished product. 

The ideal formation of eyes in Swiss cheese depends upon the inter- 
related effects of biological and mechanical control of the curdmaking and 
ripening processes. Biological control is attained by using cultures of 
desirable organisms (1, 2, 3, 4) and directing their activities by regulating 
those factors which influence their life processes. Mechanical control is 
established by clarification and removal of fat from the milk (G) and by 
those manipulations in the curdmaking and ripening operations wdiich 
assist in determining the composition of the finished product. The relation 
of these two general methods of controlling formation of eyes in Swiss 
cheese is such that, in factory practice, it may be impossible to state whether 
these manipulations are essential because they influence most the biological 
changes, the physical properties or the chemical composition of the cheese. 

METHODS 

Selection of factories . — Twenty factories were selected for intensive 
study. They ranged in size from one to ten kettles and w T ere located in the 
area approximately according to the intensity of production. Only those 
factories were selected in which the eheesemakers were recognized leaders 
in their art. 

Published with the permission of the Director of the Wisconsin Agricultural Experi- 
ment Station. 
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Samples . — Each of these factories was visited at intervals of approxi- 
mately one month. The visits began on June 20th and ended October 31st, 
1933. Samples of milk, whey, curd, and cheese were taken at certain points 
in the making process that are designated in table 2. 

Methods of analysis . — The Babcock test was used for determining the 
fat content of the various samples. Casein was measured by the Walker 
Formol Titration. Dry matter was found by drying the samples of curd 
and cheese at 100° C. until a constant weight was attained. 

Methods of grading . — The grades of cheese were determined at approxi- 
mately 9 weeks of age by representatives of the dealers who purchased 
them. Makers were always present when the buyer examined the cheese 
and could protest any unfair grade. Such disagreements arose very infre- 
quently. There was no supervision of grading by any State official during 
the period of the study. The characteristics of the four market grades, 
which were recognized by the dealers, are classified in table 1. Grade I 
designates the best quality while a grade of IV indicates the most unde- 
sirable cheese and is commonly called a “grinder.” 


TAIU iE 1 

Description of the marled grades of cheese made between 
June 20, 1983, and October 31, 1983 


GRADE 

i 

ii 

ni 

IV 

Eyes 

Well Developed 

1 to 5 per trier 

Well Developed 
About 5 pdr trier 

Overset 

Blind 

Texture - 

No Glass nor 

No Glass nor 

i Glass 

Pinholes 

Pinholes 

Pinholes 

No Pinholes 





Fails to Meet 

Body 

Firm and 

Fairly Firm 

! Fairly Firm 

Kequi remen ts 

Meaty 

and Meaty 

and Meaty 

for other 



i 

i 

Grades 


Clean, Desirable, 

i 

Clean, 

May Lack 

Fails to Meet 

Flavor 

Characteristic 

May Lack 

Flavor, Not 

Requirements 
for other 
Grades 


of Age 

Flavor 

Objectionable 




Clean, 

Clean, 

Sound Bind, 
Slightly 
Damaged 


Well 'Shaped, 

Well-Shaped, 

Well-shaped, 

Finish 

Clean, Sound 

Clean, 

Sound Bind, 


Bind 

Sound Rind 

Slightly 

Damaged 

Salt 

Uniform 

Uniform 

Uniform 

Uniform 


RESULTS 

A total of 189 wheels of Swiss were made under the observation of the 
laboratory representatives. Occasionally a cheese was sold before it could 
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be analyzed; this resulted in a final total of 176 wheels graded and analyzed. 
The summary of the analyses of the various samples is presented in table 2. 
Each sample represents the contents of a single kettle of milk, weighing ap- 
proximately 2700 pounds, or its equivalent in whey, curd, or cheese. 


TAJILE 2 

Statistical S'ummary of analyses from twenty Swiss cheese factories in 
southern Wisconsin 


MATERIAL 

NUMBER OF 
SAMPLES* 

AVERAOE 

PLACE AND TIME OF 
SAMPLING 

Whole Milk 





Per cent fat 

189 

3 19 

± 0.010 

Sampled as the milk 

Per cent casein 

189 

2.3 

■± 0.006 

left the receiving 

Patio, — Casein - fat 

189 

0.72 

± 0.002 

vat to be clarified 

Standardized Milk 

i 

! 




Per cent fat 

189 

2.8 

± 0.009 

Sampled in the cheese 

Per cent casein 

18* 7 

2.3 

± 0.006 

kettle just before 

Patio, — Casein — fat 

187 

0.815 

± 0.003 

1 

adding rennet 

Whey 





Per cent fat 

188 

0.90 

± 0.008 

Sampled in cheese 
kettle at dipping 

Cl T RD 





Per cent fat 

189 

25.0 

± 0.07 

Sampled in cheese 
kettle at dipping 

Per cent dry matter 

185 

56.9 

± 0.08 

Per cent fat in dry matter 

185 

43.8 

± 0.10 

Cheese 





Per cent fat 

Per cent dry matter 

170 

177 

27.4 

60.4 

± 0.06 
± 0.05 

Sampled at factory 
at time of grading 

Per cent fat in dr}' matter 

176 

45.1 

± 0.09 

j 


— 

— 

— 


* Each sample represents 2500 to 3000 pounds of mixed milk or its equivalent in 
whey, curd or cheese. 


Composition of the whole milk delivered to the Swiss cheese factories 

Fat .— Farmers in the Swiss producing area of Southern Wisconsin have 
never universally accepted the fat content of milk as a basis of payment, 
lieturns are calculated commonly on the weight of milk delivered to the 
factory by the patrons. Breeding for production, rather than fat content, 
is undoubtedly responsible for the fact that the average fat content of the 
mixed milk delivered to many Swiss factories is actually less than 3 per 
cent during part of the year. Table 2 indicates an average fat content in 
the milk of 3.19 per cent. Figure 1 shows the distribution of the samples 
according to fat content. 

Ca$ein . — The average casein content of 2.3 per cent is slightly higher 
than might be expected with milk of this average amount of fat. The limit 
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Pig. 1. Distribution of samples of whole milk classified according to the percentage 
of fat, percentage of casein and the ratio of casein to fat * 


of accuracy of the Walker test for casein, however, does not make this 
difference of any significance. 

Ratio of casein to fat . — The ratio of casein to fat is calculated by divid- 
ing the percentage of casein by the percentage of fat in milk. Table 2 shows 
an average ratio of 0.72 for the milk delivered by the farmers. The highest 
value of this ratio observed was 0.89 per cent. It is astonishing but serves 
to emphasize the nature of the milk which is being used. Figure 1 illus- 
trates the variability of the casein-fat ratio. 


Composition of the standardized milk used in making Swiss cheese 

It is known (5, 6) that the ratio of casein to fat in milk used for Swiss 
-cheese has an influence on the formation of eyes. A high ratio produces 
better eye-forming properties in the curd. The adjustment of this ratio is 
called ‘ < standardization ’ ’ and it is always accomplished by the removal of 
cream from the milk. The legal requirement of 45 per cent of fat in the dry 
matter of the cheese places a limit upon the extent of this adjustment. 

The common factory practices for processing and standardizing the 
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milk in preparation for elieesemaking should be mentioned. The whole 
milk, as soon as it is delivered by the farmers, runs or is pumped to the 
separator or clarifier. Clarifiers are not used ordinarily, although one was 
found in a factory included in this study. The usual separator in the Swiss 
factory does triple duty : it clarifies the milk, removes a portion of the fat 
at the same time, and later in the day is used to separate the fat from the 
whey. The separator serves as a clarifier by simply turning both cream and 
skirnmilk spouts into a conductor trough which carries the mixture of 
milk and cream 1o the cheese kettle. The cream is diverted from the kettle 
long enough to establish the desired ratio of casein to fat in the kettle milk. 
The regulation of this removal of cream cannot be accurate, because it is 
commonly based neither on accurate tests of cream or milk for fat and 
casein, nor upon exact knowledge of the weight of the milk in the kettle, al- 
though sometimes the depth of skirnmilk in the kettle may be measured 
before llie whole milk is allowed to run into it. 

Figure 2 presents a graphical summary of the analyses of the samples 
of standardized milk for fat and casein, and shows the calculated casein-fat 
ratio. 
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FiO. 2. Distribution of samples of standardized milk according to the percentage 
of fat, percentage of casein and the ratio of casein to fat * 
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Fat . — There is a common belief among makers that a fat content of 2.8 
per cent in the kettle milk makes good cheese. This may explain why the 
average of the samples approximates this value in table 2. Actually, how- 
ever, the relative variability of the per cent fat in the standardized milk is 
practically the same as that of the fat in the whole milk. 

Casein . — There is no measurable difference in the average casein con- 
tent of the standardized milk and the whole milk, as is shown in table 2. 

Ratio of casein to fat . — There is not a great deal of information avail- 
able to indicate the most desirable ratio of casein to fat to establish in order 
to make cheese of high quality and legal composition. There are so many 
variable factors involved in the making process that perhaps specific recom- 
mendations are not justified. Matheson (5) recommends a ratio of casein 
to fat of 0.72 when the fast loss in the whey equals 0.9 to 1.0 per cent, and 
a ratio of 0.80 when the fat loss is 0.6 to 0.7 per cent. Peter (6, page 120) 
indicates that in general the cheese will contain 45 per cent of fat in the 
dry matter if the proportions of casein to fat are kept within the range of 
0.73 to 0.75 depending upon the season of the year. He assumes that a nor- 
mal loss of fat in the whey is 0.5 per cent. 

In view of these recommendations it is interesting to observe in table 2 
that the average ratio of casein to fat in the standardized milk is 0.815. 

The data of this study indicate that the ratio of casein to fat in the 
standardized milk is related to the fat in the dry matter of the cheese by 
the correlation coefficient of -.38 ±'.04. Similar calculations show 7 a cor- 
relation coefficient of .20 ± .05 between the fat content of the standardized 
milk and the fat in the dry matter of the finished product. Evidently the 
ratio of casein to fat in the kettle milk is more important in determining 
the fat in the cheese than the actual fat content of this milk. The fat in 
the milk would be more definitely related to the fat in the cheese were it not 
for the fat losses which take place in the whey. 

Loss of fat in the whey at the time of dipping 

The average loss of fat in the whey at the time the curd was removed 
from the kettle is 0.90 per cent. Despite the wide range of the observations, 
indicated by the maximum and minimum values in figure 3, there are only 
about 1/5 of the observations which differ from the average by more than 
0.2 per cent. 

Although the fat losses in the whey must be a major factor in determin- 
ing the fat content of the finished cheese, still, calculations indicate that the 
loss of fat in the whey is related to the fat content of the cheese and to the 
fat in the dry matter of the cheese by correlation coefficients of approxi- 
mately - .25 db .05. This does not mean that excessive losses of fat may not 
cause the production of cheese with low fat content. As a matter of fact, 
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only 8 of the 22 wheels of cheese made with fat losses in the whey exceeding 
1.0 per cent, contained the minimum fat required by law. 

The apparently insignificant effect of the fat losses in the whey upon 
the composition of the cheese may be explained by the fact that the fat losses 
in the whey increase as the fat content of the standardized milk increases. 
This relationship, which is expressed by the correlation coefficient of .58 ± 
.03, is illustrated in figure 3. But, as the fat content of the standardized 
milk increases, the fat content of the finished cheese shows only a very 
slight tendency to increase. The correlation between these two variables is 
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Fio. 3. A. Distribution of samples of wlioy classified according to the percentage of fat. 

B. Classification of the samples to show the average percentage of fat in the 
whey associated with unit changes in the fat content of the standardized 
milk. 


only .21 zt .05. Evidently, the escape of larger and larger amounts of fat 
in the whey, as the fat in the kettle milk increases, reduces the amount of 
fat available for the cheese to such an extent that the richer standardized 
milk actually fails to produce any marked increase in the fat content of 
the cheese. 

The tendency toward higher fat losses in the whey with increasing 
amounts of fat in the standardized milk is undoubtedly exaggerated by the 
so-called “clarification” of the milk with separators. The treatment is 
more severe than clarification in its effect on the physical condition of the 
fat in the milk. When milk is processed in a clarifier, the fat which gathers 
at the center of the bowl, is redispersed in the skimmilk as it leaves the cen- 
trifuge. Milk, which has been properly clarified, can be made into cheese 
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without increasing the whey fat losses that would occur if the milk had not 
been clarified* (7). It is commonly known, however, that cheese made 
from skimmilk or partly skimmed milk to which cream has been added, 
shows a greater whey fat loss than w T ould occur with whole milk of the same 
fat content. This loss increases as the proportion of cream in the mixture 
increases. It is not surprising, therefore, to discover fat losses in whey 
from Swiss cheese approximating 0.9 per cent, under the conditions of 
processing which have been described. The rapidity with which the ob- 
served losses of fat in the whey increase with increasing amounts of fat in 
the kettle milk is undoubtedly caused by partial separation followed by 
inadequate mechanical redispersion of the fat in the milk. 

Fat and dry matter in the curd at the time of dipping 

The samples of curd were taken from the kettle and were analyzed sev- 
eral hours later in the central laboratory. During this interval some whey 
drained from the curd. Since whey contains in solution approximately 6 
per cent of dry matter not fat in the form of milk sugar, milk salts, and 
whey-soluble proteins, the proportion of fat in the dry matter, as well as the 
actual percentage of fat and dry matter, were changed by this uncontrolled 
loss of whey from the curd. This condition, as well as those normal differ- 
ences in making procedures which exist in different factories, make it 
impractical from our data to attempt to predict the composition of the fin- 
ished cheese from the analyses of the curd at dipping. 

The average values of fat, dry matter, and percentage of fat in the dry 
matter of the curd, are summarized in table 2 merely to complete this 
record. 

Fat and dry matter in the cheese at the tune of grading 

Fat. — The fat in the cheese averages 27.4 per cent. The variations in 
these observations are shown in figure 4. There is a general tendency for 
the fat in the cheese to increase as the ratio of casein to fat in the standard- 
ized milk decreases, as indicated by the correlation coefficient of - .35 ±: 
0.04. 

Dry matter. — The dry matter in the cheese averages 60.4 per cent. 
Practically 85 per cent of all the samples of cheese contain within 1 per cent 
of this amount of dry matter, as illustrated in figure 4. 

The dry matter in the cheese depends upon those factors in the making 
process which affect the moisture content and the retention of fat in the 
curd. During the curing period, the amount of salting, the humidity and 
temperature of the rooms, and the length of time of holding influence the 
dry matter in the ripened cheese. Correlations calculated between dry mat- 
ter in the cheese and such factors as milk composition and loss of fat in the 
whey were all insignificant. 
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Fig. 4. Distribution of samples of cheese classified according to the per cent fat, 
per cent dry matter and per cent fat in the dry matter. 


Fat in the dry matter of the cheese.- -The percentage of fat in the dry 
matter of the cheese is calculated by dividing the percentage of fat by the 
percentage of dry matter and multiplying the result by 100. This factor 
is especially significant because it is used to define the legal composition of 
cheese. Figure 4 illustrates the variations in this calculated value for 176 
wheels of cheese. This cumulative frequency distribution of the samples 
according to the percentage of fat in the dry matter of the cheese, indicates 
the proportion of the total number of samples which contain amounts of 
fat in the dry matter equal to or greater than any selected value shown on 
the horizontal axis. If, for example, 45 per cent is the chosen value, it is 
apparent that approximately 66 per cent of the samples contain at least 
this amount of fat. 

The average percentage of fat in the dry matter, as shown in table 2, is 
45.1. The standardization of the milk appears to be closely related to this 
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variable. As the ratio of casein to fat in the standardized milk decreases 
there is a fairly definite trend toward a higher percentage of fat in the 
dry matter of the cheese. This trend is expressed by the correlation co- 
efficient - .38 ± .04 and is illustrated in figure 5, in which the ratios of 
casein to fat in the kettle milk have been averaged for each unit change in 
per cent of fat in the dry matter of the cheese. 
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Fig. 5. Classification of the samples to show the average percentage of milk fat 

( casein \ 

ized milk that are associated with unit changes in the percentage of fat in the dry 
matter of the cheese. 


Another indication of the amount of fat removed by standardizing the 
milk has been calculated for each kettle by taking the difference between the 
fat tests of the whole milk and the standardized milk and dividing this dif- 
ference by the per' cent of fat in the whole milk. The result, when multi- 
plied by 100, might be regarded as ‘ ‘ The percentage of milk fat removed by 
standardizing . 1 1 Since the exact weights of the milk in the kettle and the 
cream removed from the kettle were not known, this calculation is obviously 
inaccurate. It may serve, however, to indicate the relative amount of skim- 
ming which took place in the factories and its effect on the composition of 
the finished cheese. This relationship, which is described by the coefficient 
of correlation - .46 ± .04, is shown in figure 5 where the average “per- 
centage of milk fat removed by standardizing” has been plotted for each 
unit change in the per cent of fat in the dry matter of the cheese. 

Figure 5 indicates the average values of the ratio of casein to fat in 
standardized milk and “percent of fat removed,” which are associated with 
certain amounts of fat in the dry matter of the cheese. The application of 
these values to determine adjustments of milk composition at the beginning 
of the making process must be attempted with caution. These values are 
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averages for many plants and the observations upon which they are based 
were made over several months. They only indicate the trends of the 
effects and dangerous limits of adjustments of milk composition. It seems 
reasonable to believe that the variability of the data from all the plants 
is greater than that which should obtain for similar measurement in any 
single plant where manufacturing conditions are more uniform from day 
to day. Careful measurements repeated each day in any given factory, 
therefore, should make it possible to establish more definite relationships 
than those indicated in figure 5. 

The quality of the cheese 

Tin* average of the grades of the lots of cheese produced during the 
study is 2 . 10 . 

Coefficients of correlation calculated between the grade and such vari- 
ables as: fat in the milk delivered by the farmers, easein-fat ratio in stand- 
ardized milk, and fat loss in tin* whey, any of which might be expected to 
influence the grade of t lie cheese, were all reasonable in trend but insignifi- 
cant in value. As each factor tended to produce or to indicate a decrease 
in the percentage of fat in the dry matter of the cheese there was a slight 
tendency toward improvement in the quality of the cheese. The fat in 
the dry matter of the cheese is the only observed variable which seems to 
influence the grade. This relation is summarized in table 3 in which the 
average percentage of fat in the dry matter has been calculated for the 
cheese falling in each grade. As the grade moves from T to IV there is 


taule :i 

Relation htiuctn anule and perctntaftr of fat u> the dry matter of cheese 


r.U \I>F OF < 1IKKSR 

j " 1 

j M MIIRK OF CUERSE 

AVERAGE PER VEST EAT IN Pitt 
MATTER OF CHEESE 

I 

08 1 

44.5 

II 

49 

44.8 

III 

. 23 

45.1 

IV 

, 3(5 

1 

46.7 

Total 

, 17(5 | 



a gradual increase in the average fat content of the cheese. This relation- 
ship is described by the coefficient of correlation .42 dt .04. 

DISCUSSION 

The graders of Swiss cheese act essentially as the interpreters of trade 
demands because they are employed by those who market the cheese. The 
premium paid for the highest quality of Swiss cheese is attractive enough to 
determine the trends of factory practices. Since the best grades seem to be 
associated with less fat in the dry matter of the cheese it is natural to expect 
the makers to reduce the fat in the finished product to the minimum. 
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Although trade demands are rightfully interpreted by those who mer- 
chandise Swiss cheese, it is reasonable to question the influence on the 
dealers ’ opinions of the demands of the large buyers who desire cheese with 
good slicing properties and large eye formation. A survey of the industry 
and public opinion would be necessary to determine whether these charac- 
teristics are more important to the ultimate consumer than the mellowness 
of body and superior flavor which can be best attained by retaining a larger 
proportion of the milk fat in the cheese. 

There are other factors, outside the scope of this investigation, that in- 
fluence, directly or indirectly, the composition and quality of the cheese, 
such as : milk quality, the use of milk from diseased udders, and the culture 
methods of controlling fermentations in the cheese. It is not known how 
much improvement in market grades is possible by regulating these factors 
and maintaining at the same time a mechanical control of cheese composition 
which would incorporate maximum amounts of fat. Information obtained 
by the cooperative efforts of the United States Bureau of Dairy Industry 
and the University of Wisconsin during the past several years indicate that 
milk of better quality and application of improved methods of using the 
available cultures definitely raise the market quality of the cheese. 

It is evident, therefore, that any program of composition regulation, 
especially when such regulation must raise the fat content of the finished 
cheese, should also be accompanied by increased efforts to control the quality 
of the milk and the types of organisms in the cheese. 


CONCLUSIONS 

Mechanical control of the fat content of Swiss cheese depends upon 
accurate standardization. Simultaneous clarification and separation of 
milk, excessive losses, of fat in the whey, and milk with abnormally low fat 
content makes such standardization a difficult procedure In some plants. 

The removal on the average of more than about 10 per cent of the total 
fat from the lots of milk observed in this study or the establishment of 
casein to fat ratios greater than approximately 0.81, tend to produce cheese 
with less than the legal amount of fat. Since unusual biological conditions 
in the milk or special methods of curdmaking may cause variations in cheese 
composition, it is essential that every plant operator analyze the milk, whey, 
and cheese from every kettle before accepting these average values as actual 
standards. 
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RUMINANT DIGESTION WITHOUT ROUGHAGE 

S. W. MEAD and HAROLD GOSS 

Division of Animal Husbandry , University of California, Davis, California 

In a study of the value of roughage in the dairy ration, several heifers 
have been maintained at this station on a roughage-free diet from birth to 
over 18 months of age. A similar group was reared on the same mixture 
of concentrates plus approximately 14 per cent of sulphite wood paper pulp. 
During this work, digestion trials were conducted with heifers from each 
group. The results are here reported. 

PROCEDURE 

Three digestion trials were conducted, four heifers being used in each. 
The animals received the same feed mixtures that they had been receiving 
since two months of age except for the mixture used in trial 3. During this 
trial and for ten days before the collection period, they received mixture 3, 
which differed from mixture 1 only in being more finely ground. This trial 
was intended to determine the effect of fine grinding on digestibility: mix- 
ture 2 was more finely ground than mixture I, because of the method of 
preparation uecessary to incorporate the paper pulp. The heifers received 
daily a medicinal cod liver oil, the total amount of which is shown in table 
2. The compositions of the feed mixtures are shown in table 1. 


TABLE 1 

Percentage composition of feed mixtures 


FEED 

MIXTURE 

NO. 

| IXl.ItEDIENTS 

Ground 

barley 

Wheat 

bran 

Soybean 

meal 

Sodium 

chloride 

Calcium 

carbonate 

Calcium 

citrate 

Paper 

pulp 

1 

61.5 

26.3 

8.8 

i 

1.9 

1.5 | 



2 

52.0 

22.2 

7.4 [ 

1.6 1 


3 0 | 

13.8 

*3 

01.5 

26.3 

8.8 

3.9 ! 

1.5 




* Identical in composition with feed mixture 1 but more finely ground. 


The animals used were grade Holstein heifers, 18 months of age, which 
had received since birth a ration devoid of roughage. They were normal in 
size for the breed and showed no abnormalities other than frequent bloating 
and lack of regular ruminations, both of which have been found to be com- 
mon with ruminants receiving this type of ration. According to analysis, 
the gas causing bloat consisted largely of carbon dioxide with no methane. 

During the digestion trials the daily amounts of feed for each animal 

Received fbr publication October 10, 1934. 
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were reduced, since animals usually consume less when standing in stan- 
chions than when exercising in the corral. 

The heifers were placed in the digestion stalls 6 days before the collec- 
tion of feces. The collection period lasted for 10 days. Heavy gymnasium 
mats replaced the common forms of bedding. The animals were fed and 
watered thrice daily. Each day, the total feces collected during the previ- 
ous 24 hours were spread out in drying trays and placed in a drying oven 
maintained at a temperature of 90° to 95° C. 3 A period of 48 hours was 
required to dry each day's collection. When dry, the feces from each ani- 
mal were placed in separate tightly covered cans At the end of the collec- 
tion period the dried feces were weighed, and a sample was taken for 
moisture. The remainder was ground in a hammer null, thoroughly mixed, 
and sampled for chemical analyses 

PRESENTATION OF DATA 

The amounts of feed consumed and feces collected are shown in table 2. 
Chemical analyses of feed mixtures and feces arc presented m tables 3 and 
4; coefficients obtained, in table 5. 


TA1ILI 2 

Total food confirm fd and fens collcctid (qia ms) 



TttlAL 1 

1 J HI At 2 

j 1IU VL 3 

ANIMAL 

NO 

Mixture 

Cod 

liver 

Tec es 
(<lrv 

Mixture 

Cod 
> liver 

Feces 

(dr\ 

Mixture 

1 

Cod 

liver 

Feeen 

(dry 


1 

oil 

■weight) 

2 

oil 

weight i 

oil 

weight) 

34 

40,800 

558 

8,220 




36,300 

558 

7,180 

35 

58,860 

1116 

10,870 




43,800 

1116 

9,560 

37 

45,400 

558 

8,740 




40,800 

$58 

9,010 

39 

54,400 

558 

11,050 




45,400 

558 

10,710 

41 




56,410 

630 

15,200 

I 

t 



43 




40,800 

558 

8,160 




46 




36,300 

558 

10,410 




47 




36,300 

558 

7,580 





During tbe three digestion trials all but two of the animals cleaned up 
their feed well. Number 35 left 137 grams of the last feeding of trial 1; 
and during trial 3, when receiving the finely ground feed, she had an irreg- 
ular appetite and refused a total of 1,600 grams Number 41 left 2,590 
grams of feed during trial 2. The daily ration of mixture 3 (table 2) was 
less than had been allowed the same animals in trial 1, in anticipation of a 
decreased consumption While receiving this finely ground feed before the 

i While this paper was in preparation, I). P. Cuthbertson and A. K. Turnbull, 
(Biochem. J. 28; 837, 1934) found a loss of 4 to 5 per cent of nitrogen in drying human 
feces on the steam bath. In our laboratory, R W. Caldwell has confirmed these findings; 
The nitrogen loss was 3 to 4$ per cent in drying freshly voided bovine feces at 100° C., 
for 48 hours in an electric oven. 
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TABLE 3 

Chemical analyses of feed mixtures, per cent 



i TRIAL l | 

TRIAL 2* 

1 TRIAL 3 

ANIMAL NO. 

34-35 

37-39 

! 41 

1 43 

| 40 

47 

34-35 

37-39 

Moisture 

10.3 

10.7 

9.0 

| 9.0 

1 9.5 

8.4 

11.8 ! 

11.1 

Protein 

14.7 

14.0 ! 

12.0 

12.2 

' 12.3 

12.2 

1 13.9 

13.9 

Nitrogen-free extract 

60.0 

61.0 j 

54.9 

; 50.1 

55.4 

56.1 

1 60.3 

60.1 

Ether extract 

1.3 

1.4 ' 

0.7 

' 0.7 

' 0.8 

0.8 

1.3 

1.3 

Crude fiber 

6.9 

6.5 i 

17.6 , 

16.3 

: lo.i 

16.7 

6.5 

7.2 

Ash 

6.8 

6.4 ! 

5.8 | 

5.7 

| 5.9 

5.8 

6.2 

6.1 


* Because of the physical nature of mixture 2, separate samples of ths feed >vere 
analyzed for each animal. 


TABLE 4 

Chemical analyses of feces collected, per cent dry basis 




TRIAL l 


TRIAL 2 

TRIAL 3 

ANIMAL NO. 

34 

35 : 

37 

39 

41 

43 

40 

47 

■* 

35 

37 

39 

Protein 

13.2 

12.7 

14.8 

12.4 

10.2 

13.3 ! 

11.5 

11.2 

12.7 

11.7 

12.4 

12.3 

Nitrogen -free 
extract 

47.0 

45.2 ' 

45.9 

46.4 

38.5 

44.1 

42.9 

44.0 

47.8 

48.5 

48.6 

47.4 

Ether extract 

2.5 

3.3 ; 

2.7 ! 

* | 

2.4 

2.3 

3.0 

2.5 

3.0 

2 2 

2.9 

2.6 

Crude fiber 

! 20.6 

20.8 

21.0 

2° 4 1 

i 

38.9 

27.9 ■ 

31.4 

29.8 

22.0 

! 23.5 

23.0 

23.3 

Ash 

16.7 

18.0 i 

15.6 

16.2 | 

10.0 

12.4 

11.2 

12.5 

14.5 

14.1 

“1 

14.4 


TABLE 3 

Coefficients of diyi sUbility 


DRY MATTER 

PROTEIN 

NITROGEN- 
FWS E 
EXTRACT 

ETHER 

EXTRACT 

('RODE 

FIBER 

TRIAL NO. 

l 

2 

3 

1 

2 

3 

1 1 “ 

3 

1 

2 j 3 

1 

•> 

3 

Animal No. 







1 



1 




34 

78 


78 

82 


82 

84 

84 

81 

■ 79 

40 


33 

35 

80 


76 

84 


82 

86 

82 

81 

! 88 

44 


21 

37 

79 


76 

80 


80 

86 

82 

80 

j 76 

38 


30 

39 

78 


74 

82 


79 

85 

82 

78 

j 70 

30 


24 

41 


71 



77 


81 



64 : 


40 


43 


78 



78 


' 84 

i 


78 j 


66 


46 . 


69 


1 

1 73 


; 78 

! 


63 : 


44 


47 . 


78 

1 

; 

81 


84 

i 


78 i 


63 


Average . 

79 

74 

76 

82 

77 

81 

85 82 

83 

80 

71 ! 80 

l 

38 

53 

27 

Calculated . 

*82 



86 

j 


88 

„i 


81 

i 

56 




* See text page 6. 
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digestion trial, the heifers apparently found it less palatable than the same 
mixture coarsely ground. Their feces were drier than with the coarsely 
ground mixture 1. A dose of one-half pound of Epsom salts had to be ad- 
ministered to heifer 35 on the fourth day of the collection period ; thereafter 
her appetite improved somewhat, so that she cleaned her feed up fairly well 
at each feeding. 

During trial 1 all the animals ruminated occasionally. In trial 2, No. 
41 and No. 43 ruminated, but not regularly. No. 46 and No. 47, receiving 
less feed, were not observed to ruminate at any time. During trial 3, with 
the finely ground feed, no rumination was noticed. 

The paper pulp was originally added to the basal concentrate mixture 
to serve as an artificial roughage, somewhat less complex than natural 
roughage. Rumination occurred only occasionally, however, no more in one 
group than another, even though concentrate mixture 1 contained 6.8 per 
cent crude fiber, whereas the same mixture plus paper pulp, mixture 2, con- 
tained 16.7 per cent. 

TABLE G 

Water consumption and number of defecations and urinations during each ten-day 

collection period 


ANIMAL NO. 

DEFECATIONS 

URINATIONS 


WATER 

CONSUMED 

(FOUNDS) 

34 

63 

Digestion Trial 
104 

1 

350 

35 

44 

58 


483 

37 

68 

73 


330 

39 

63 

70 


332 

Average 

60 

76 


374 

41 

<0 

Digestion Trial 
36 

2 

350 

43 

76 

55 


251 

46 

49 

27 


201 

47 

50 

46 


208 

Average 

63 

41 


253 

34 

59 

Digestion Trial 3 

92 

330 

35 

49 

61 


200 

37 

66 

65 


351 

39 

78 

69 


308 

Average 

| 63 

72 


297 


The amounts of water consumed, with the number of defecations and 
urinations, are reported in table 6. During a ten-day metabolism trial in 
connection with another experiment, nine cows receiving a normal ration of 
concentrates and hay averaged 11 defecations and 5 urinations daily. In 
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these cases there was a variation of 9 to 15 defecations and 3 to 7 urinations. 
The number of defecations was almost double that recorded for the heifers 
used in the digestion trials here reported ; the number of urinations, about 
the same. 

DISCUSSION 

As roughage has been considered essential in the diet of ruminants, the 
accepted procedure for determining the coefficient of digestibility for a 
given concentrate has been first to determine the digestibility of a roughage, 
which is later fed in combination with the concentrate, second to determine 
the digestibility of the combination ration, and third to calculate the dif- 
ference between the two. Whether or not the results so obtained would be 
similar to those for the concentrate if fed alone has been considerably 
debated, though the usefulness of the information is not questioned. 

The literature describes several investigations that have increased our 
knowledge regarding the effect of one feed or nutrient upon another. 
Since Titus (1), in discussing “the mutual influence of the proportion of 
the several nutrients, in feeds, on their digestibility, ” has reviewed this 
literature very completely, only investigations particularly pertinent to this 
discussion will be mentioned here. 

We have failed to find any data concerning the digestibility of concen- 
trates when fed without roughage for an extended period. In the investi- 
gations conducted by others, Ihe concentrates were fed alone only for a 
relatively short time, doubtless because roughage has been considered essen- 
tial. As experiments at this station (2) (3) have shown, however, dairy 
animals can be reared to four years of age on a concentrate diet provided 
it is supplemented with calcium carbonate and vitamin A. 

According to certain evidence, the digestibility of a diet may vary witli 
the length of time it is fed. This might be especially true should the diet 
be unusual — for example, composed entirely of concentrates. In this con- 
nection the work of Lyman (4) is interesting. He has shown that the con- 
tinued use of white flour, in the diet of rats, caused a slight decrease in 
protein utilization. The continued use of whole wheat meal in a similar 
food combination, however, decidedly improved the utilization of this 
nutrient. 

The coefficients of digestibility determined for mixture 3 (concentrates 
only) have been compared in table 5 with calculated values for this mixture 
when fed with roughage, arrived at by using the coefficients of each in- 
gredient in the mixture as given by Henry and Morrison (5). The coeffi- 
cients of digestibility for the dry matter and the ether extract of cod liver 
oil were both assumed to be 90 per cent, that of the dry matter of soybean- 
oil meal 92 per cent, and that of salt 100 per cent. The digestibility of 
calcium carbonate was disregarded. Except in the case of crude fiber, 



168 


S. W. MEAD AND HAROLD GOSS 


which was 32 per cent lower, the coefficients actually determined were not 
significantly below those calculated. 

Admittedly, the coefficients of digestibility used in calculating values 
are based upon a relatively few trials; and nutrients existing in compara- 
tively small amounts, such as the crude fiber in our mixture 1, may give 
erroneous results. The heifers used in trial 1, however, did not ruminate 
regularly, a fact that may explain the apparent low digestibility of the 
crude fiber. As Ewing and Wright (6) have shown “More than half of 
the comminution that takes place in average rations containing coarse feeds 
takes place as a result of mastication.” In an earlier publication, Ewing, 
Wells, and Smith (7) showed that a steer would macerate his food more 
completely when fed silage alone than when fed silage and cottonseed meal, 
the extent of maceration decreasing as the proportion of meal increases; 
and that the loss in digestibility of the crude fiber, which resulted from 
a combination of silage and cottonseed meal, was caused by a less complete 
maceration. 

Mixtures 1 and 3 were identical except that the latter was more finely 
ground. The digestibility of mixture 3 was determined in order that the 
results obtained for mixtures 3 and 2 would be on a more comparable basis, 
since mixture 2 was necessarily more finely ground than mixture 1. In 
this trial (table 5), mixtures 1 and 3 showed no significant difference in 
digestibility except in crude fiber. Not only was the average coefficient of 
digestibility for this ingredient in mixture 3 lower, but none of the animals 
showed so high a value for this nutrient in trial 3 as in trial 1. The results, 
therefore, appear significant. This decrease might.be explained by the 
work of Ewing and Smith, (8) who, having studied the rate of passage of 
food residues through the steer, concluded that finer-ground feeds pass 
through the animal more rapidly and that the digestibility of crude fiber 
seems to decrease with a more rapid passage of feed residues. 

According to trial 3, any differences in digestibility between mixtures 
1 and 2, except for crude fiber, cannot be explained on the basis of fine 
grinding. 

When the coefficients of digestibility for mixture 1, consisting entirely 
of concentrates, are compared with mixture 2, containing 14 per cent paper 
pulp (table 5), the digestibility of ail nutrients except fiber is seen to 
decrease slightly. These decreases, however, are probably not significant. 

< The digestibility of the crude fiber in mixture 2 was considerably higher 
than that in mixture 1 and approximately the same as the calculated value 
for mixture 1 when fed with roughage, doubtless because paper pulp itself 
has a high coefficient of digestibility. In two trials with oxen, Kellner (9) 
found the digestibility of crude fiber in paper pulp obtained by chemical 
treatment of rye straw to be 94.7 and 97.0 per cent. To explain his results 
he calls attention first to the fineness of the fibers in the paper pulp and 
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second to the fact that the chemical treatment had removed the incrusting 
substances which normally interfere with its digestion. 

The digestibility of the crude fiber in the sulphite pulp used in our 
trials, calculated indirectly from our data, was lower than Kellner reported, 
but higher than the digestibility of the crude fiber in hays. 

As the paper pulp in mixture 2 represented two-thirds of the fiber 
content of this mixture, the increased digestibility of the fiber in mixture 
2 can be explained by the high digestibility of the paper pulp fiber. 

SUMMARY 

Digestion trials were conducted with Holstein heifers that had been fed 
for 18 months on a ration devoid of roughage, and with a second group 
receiving the same diet plus paper pulp. The effect of fine grinding on 
digestibility was also investigated. 

Except for crude fiber, which Mas 32 per cent lower, the digestibility 
of a ration consisting entirely of concentrates was not. significantly below 
the calculated value for the same mixture fed with roughage. 

The addition of paper pulp to the concentrate diet, so that the fiber 
content of the ration was equivalent to that of one containing equal parts 
of concentrates and alfalfa hay, increased the apparent digestibility of the 
crude fiber. The digestibility of the oilier nutrients did not appear to be 
significantly altered. 

It is not to be concluded that th* addition of paper pulp enhanced the 
digestibility of the fiber contained in the concentrates. The higher value 
found for fiber in the paper-pulp ration may be explained by the fact that 
the fiber of paper pulp, as shown by other investigators, is more highly 
digestible than that of either roughage or concentrates. 

Fine grinding appeared only to lower significantly the digestibility of 
the crude fiber of the concentration ration. 
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THE USE OF SODIUM THIOSULPHATE DILUTION BLANKS 
IN DETERMINING THE GERMICIDAL EFFICIENCY 
OF CHLORINE STERILIZERS* 

C. C. PROUTY and ROY T. OLSON 
Division of Dairy Eusbandry and Department of Bacteriology, 

Mate College of Washington, Pullman, Washington 

Although chlorine compounds are widely used as sterilizing agents for 
dairy and milk plant equipment, their use is not sanctioned by all regu- 
latory agencies nor are all investigators in agreement as to their effective- 
ness in destroying microorganisms. 

Mudge and Smith (2) present a critical discussion ot* the effectiveness 
of chlorine compounds as dairy sterilizers and raise the question as to 
whether bacteria are killed or merely inhibited in growth by the action 
of these compounds. Furthermore, they question the value of plate counts 
as made by the usual laboratory methods for determining the germicidal 
efficiency of chlorine sterilizers. They point out that the results obtained 
by plate counts are a measure of the inhibiting action rather than a measure 
of the lethal effect of the chlorine compound. They express the opinion 
that, when a solution containing a chlorine compound is added to the pep- 
tone agar, the chlorine remains as a potent organic chloramine capable of 
inhibiting subsequent bacterial multiplication. To prevent the bacterio- 
static action of residual chlorine they suggest the neutralization of this 
chlorine by the addition of sodium thiosulphate to the plate at the time 
of plating. They obtained, in general, a greater colony count with plates 
to which sodium thiosulphate had been added then with plates not receiv- 
ing this treatment. 

In addition to demonstrating the neutralizing effect of sodium thio- 
sulphate, Mudge and Smith present evidence to show the effect of dilution 
of the residual chlorine carried over into the plate on the reduction of the 
bacteriostatic action. They report a colony count many times higher in 
the 1-10 than in the 1-1 dilution. They found this phenomenon to be the 
rule whether they used hypochlorite or monochloramine in high or low con- 
centrations and with or without additions of sodium thiosulphate. 

Devereux and Mailman (1) present data to show the value of sodium 
thiosulphate in determining the effectiveness of chlorine sterilizers against 
organisms in dairy equipment. Additions of sodium thiosulphate at the 
time of sampling neutralizes the chlorine thus making it possible to aseer- 

Beeeived for publication October 23, 1934. 

* Published as Scientific Paper No. 248, College of Agriculture and Experimental 
Station, State College of Washington. 
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tain the true bacteriological status of the solution at the time of sampling 
even though immediate plating is not possible. 

In studying the germicidal efficiency of a disinfectant it is necessary that 
the period of exposure of the disinfectant to the test organism be under defi- 
nite control. Methods that do not permit of such a control because of the 
bacteriostatic action of the residual disinfectant are likely to give mislead- 
ing results. In making plate counts of chlorine solutions the most desirable 
place to neutralize the residual chlorine is in the dilution blank. Accord- 
ingly the present investigation was planned to determine to what extent the 
presence of sodium thiosulphate in the dilution blank is of value in prevent- 
ing the bacteriostatic action of the chlorine as shown by the subsequent col- 
ony count. Studies also were made of the effect of dilution in reducing the 
bacteriostatic action of the residual chlorine as shown by the numbers of 
colonies developing in plate cultures made from inoculated chlorine solu- 
tions. 


METHODS 

Dilution blanks of convenient volumes containing sodium thiosulphate 
were prepared as follows: To 50 cc. of M/5 NaJIPO + was added 9.0 ee. 
of N HC1 and the solution made up to 200 cc. with distilled water. To this 
buffered solution was added a 1.0 per cent solution of sodium thiosulphate 
at the rate of 10.0 cc. per 90.0 cc. after which the dilution blanks were pre- 
pared and sterilized. Preliminary experiments had shown this concentra- 
tion of sodium thiosulphate in a 0.0 cc. dilution blank to be more than 
enough to neutralize the chlorine carried in a 1.0 cc. charge of the most con- 
centrated chlorine solution used in this study and yet not interfere with sub- 
sequent colony growth. The resulting dilution blanks had a pH value of 
approximately 6.4. At this pH the reaction of the dilution blank is not 
deleterious to the test, organisms and is favorable to the rapid reactivity of 
sodium thiosulphate and chlorine. 

Plate cultures using plain agar were made immediately, 2.5, 5.0, 7.5, 10 
and 15 minutes after inoculating the chlorine solution with the test organ- 
ism. These cultures were plated simultaneously by two operators when 
dilution blanks with and without sodium thiosulphate were being compared. 
Plate cultures were incubated at 37° C. usually for a period of forty-eight 
hours. 

Test organisms consisted of twenty-four hour old cultures of Escherichia 
col% Aerobacter aerogenes , Staphylococcus albus, Staphylococcus mreus and 
Streptococcus lactis. Milk in which fermentation had taken place also was 
used. 

The chlorine sterilizer used was a commercial preparation in which the 
active ingredient was calcium hypochlorite. 



Comparative plate counts of inoculated chlorine solutions made with and without sodium thiosulphate dilution blanks 
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PRESENTATION OF DATA 

In table 1 are shown the results of sixteen comparative plate counts of 
inoculated chlorine solutions in which simultaneous platings were made 
using dilution blanks with and without sodium thiosulphate. Colony devel- 
opment, after brief periods of exposure of the organisms to the action of 
chlorine, up to 7.5 minutes and depending on the chlorine concentration, 
showed in most cases an increased count with the use of sodium thiosulphate 
in the dilution blank. However, when the organisms were exposed to the 
action of chlorine for periods of ten minutes or more, sodium thiosulphate 
had little or no effect on the subsequent colony development. The differ- 
ences in numbers after brief periods of exposure to chlorine, while not great, 
show that bacterial cells which otherwise would be destroyed or inhibited in 
growth by the residual chlorine are able to continue normal development 
when freed of this chlorine. This is a factor that should be considered in 
evaluating the true germicidal efficiency of a chlorine sterilizer. 

In the course of this study many plate counts were made in an effort to 
determine the influence of dilution on the bacteriostatic action of residual 
chlorine as shown by the numbers of colonies developing on plates of dif- 
ferent dilutions. In no case was it found that more colonies developed on 
the plates of the higher dilutions than on plates of the lower dilutions. In 
this respect these results are not in agreement with those of Mudge and 
Smith (2). 

SUMMARY AND CONCLUSIONS 

Simultaneous platings of inoculated chlorine solutions immediately after 
inoculating and after 2.5, 5.0, 7.5, 10 and 15 minutes, using ordinary dilu- 
tion blanks and dilution blanks containing sodium thiosulphate were made 
and compared. In most eases an increased colony count resulted when 
sodium thiosulphate dilution blanks were used. Colony development fol- 
lowing brief periods of exposure of the organisms to the action of chlorine 
showed, in most cases, an increased count when sodium thiosulphate dilution 
blanks were used. After longer periods of exposure, ten or more minutes, 
the presence of sodium thiosulphate had little or no effect on subsequent 
colony development. 

The results of these experiments show that plate counts, in which ordi- 
nary dilution blanks have been used are likely to be misleading in evaluat- 
ing the germicidal efficiency of chlorine sterilizers. 

In an effort to study the effect of dilution in the bacteriostatic effect of 
the residual chlorine, plate counts of inoculated chlorine solutions, using 
ordinary dilution blanks, were made and the numbers of colonies develop- 
ing on the plates of the 1-1, 1-10 and 1-100 dilutions compared. In no 
instance were more colonies found to develop on the plates of the higher 
dilutions than on plates of the lower dilutions. 
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A METHOD FOE THE DETERMINATION OF THE RELATIVE 
STIFFNESS OF CREAM DURING THE WHIPPING 
PROCESS* 

W. S. MUELLER 

Dcpartnunt of Dairy Industry, Massachusetts State College , Amherst 

The purpose of this paper is to describe a simple method for measuring 
the stiffness of cream during the whipping process and to show the impor- 
tance of such measurements. 

Since most consumers judge the quality of whipped cream by its con- 
sistency or stiffness, this property should be measured in studies of cream 
whipping. In the majority of such studies reported, manually operated 
whippers have been used and no provision has been made for measuring the 
consistency of the cream during whipping nor of the finished product. 
Rabeock 1 describes a method for determining the relative stiffness of 
whipped cream. His method is not, however, applicable to uninterrupted 
measurements throughout the whipping process. So far as the writer 
know T s, Templeton and Sommer 2 were first to report studies in w r hich a 
mechanical whipper of constant speed was used and in which some provi- 
sion was made for determining the stiffness of the cream during the whip- 
ping process. These investigators measured the consistency of the whipped 
cream by observing the torque (load) on the drive shaft of the turbine 
whipper. 

DESCRIPTION OF APPARATUS 

The apparatus described herein consists of the mechanical whipper 
(restaurant size) and sensitive wait meter, shown in figure 1. With this 
apparatus it is possible to obtain a continuous record of the stiffness of the 
cream throughout the whipping process by simply recording the input of 
the motor in watts at intervals of ten seconds, or less if desired. This 
method for measuring the stiffness of the cream in watts cannot, however, 
be used with all mechanical whippers, as the writer found in preliminary 
experiments with several small household wdiippers. The waiter learned 
also that another investigator had also attempted in vain to use the watt- 
meter for measuring the relative stiffness of the cream as it w^as being 
whipped. These failures, no doubt, w r ere due to certain characteristics of 
the mechanical whippers used. Furthermore, in order that small changes 
in load will be reflected in large changes in input, a motor should be used 
the maximum output of which is not much greater than the maximum 

Received for publication November 27, 1934. 

♦ Contribution No. 208 of the Massachusetts Agricultural Experiment Station. 

1 Babcock, C. J. 1922. U. S. Dept, of Agric., Bui. 1075. 

2 Templeton, H. L., and Sommer, H. II. 1933. Jour, of Dairy Sci., xvi, no. 4, 330 
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Fig. 1 Mechanical cream whipper and wattmeter (Gem kitchen mechanic whipper 
manufactured by Gem Appliances, Inc , 280 Madison Ave , N Y, and a Weatmghouse 
type PY5 portable single phaso wattmeter). 


required to whip the cream. If the normal output of the motor is relatively 
large, and the changes in load very small, these small changes in load will 
be insufficiently indicated by the variations in input as measured by the 
ordinary wattmeter. 

The whipper-motor (figure 1), of which the input is charted, is a split- 
phase motor rated £ HP and 1725 RPM This motor produces in the 
whipper proper two distinct kinds of rotation. First, it spins the whipper 
on its vertical axis counter clockwise at a speed of 570 RPM. Second, it 
moves the spinning whipper (and its axis) clockwise about the inner periph- 
ery of the bowl so that the whipper completes 78 circuits about the bowl 
each minute. The speed of the whipper was checked under all loads which 
are normally encountered when whipping cream up to 40 per cent butterfat, 
and was found to be practically constant. Although the whipping bowl 
has a 5-quart capacity (liquid measure), only one quart of cream is usually 
placed in the bowl for whipping. The smallest scale division on the watt- 
meter is 5 watts, but 2.5 watts can be readily estimated. 

That this wattmeter method is satisfactory to determine the relative 
stiffness of whipping cream at various times during whipping is proved in 
figure 2, in which appear typical curves obtained by plotting input against 
time when whipping cream of varying percentages of butterfat. 
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Fig. 2. Effect of fat content of the cream on the stiffness of the whipped cream. 

APPLICATION OF METHOD 

The wattmeter method for measuring the stiffness of whipping cream 
while the cream is being whipped should be useful in studies of cream 
whipping made either by the scientist or by the commercial dairyman. 
Measurements obtained by this method are certainly more accurate than 
visual observations and will serve several purposes. One use, for example, 
is partly illustrated in table 1, in which is indicated the effect of whipping 
a 33 per cent cream for varying periods of time on stiffness, overrun, 
amount of drainge, and percentage of butterfat in the drainage. It should 
be noted that at certain stages of the whipping procedure a variation of 
fifteen seconds in whipping time will materially affect the stiffness, the over- 
run, and the drainage of the whipped cream. A number of trials showed 
that the maximum overrun of the whipped cream occurs shortly before the 
maximum stiffness. It was found that the amount of drain decreased to a 
certain point with progressive whipping, reaching a minimum after the 
cream had been considerably over-whipped; but that upon still further 
whipping, it began to increase. The percentage of butterfat in the drain 
decreased with increased whipping until the cream was over-whipped, and 
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TABLE 1 

JBfect of whipping for varying periods of time on some of the properties of 

whipped cream 


WHIPPING TIME 

STIFFNESS 

OVERRUN 

DRAIN 
AFTER 24 
HOURS 

FAT IN 
DRAIN 

REMARKS ON BODY 
OF WHIPPED 
CREAM 

minutes seconds 
Start 

watts 

125 

per cent 

CC 

per cent 


1 

30 

147.5 

71.8 

(1) 


Too soft 

1 

45 

155 

75.6 

(1) 


tt a 

2 

0 

165 

79.1 I 

(1) 


it a 

2 

15 

182.5 

85.6 

57 

6.84 

SI. too soft 

2 

30 

225.0 

94.8 

37 

2.19 

Good 

2 

45 

265.0 

94.8 

23 

1.34 

i < 

3 

0 

262.5 

85.3 

20 

1.23 

81. soggy 

3 

35 

250.0 

74.7 

19 

1.38 

Soggy 

3 

30 

250.0 

68.5 

16 

1.52 

t i 

4 

0 

240.0 

57.3 1 

18 

1.25 

Very soggy 

5 

0 

230.0 

35.5 1 

27 

1.17 

Buttery 


Cream used in this experiment contained 33 per cent of butterfat and was aged for 
48 hours at 38° F. 

< 1 > Too soft to remain on 12 mesh wire screening. 


then remained fairly constant despite further whipping. It may be con- 
cluded, therefore, from the data in table 1 that it is very difficult to make 
accurate comparisons in cream whipping studies unless the consistency of 
the cream is accurately measured during the whipping process. 

Accurate measurements of the consistency of cream during whipping 
are of practical value to the dairyman who sells whipping cream, because 
by the use of them he can set a standard for his cream and then check his 
cream each day in accordance therewith. If, then, the dairyman equips 
himself with a mechanical whipper and a wattmeter, he is able to produce 
a more uniform whipping cream or the finished product from day to day 
than he possibly could by unscientific means. 



NUTRITIONAL ANEMIA, CALCIUM PHOSPHORUS AND NITRO- 
GEN BALANCE AND BONE COMPOSITION OF RATS 
FED RAW VERSUS PASTEURIZED MILK* 

H. A. LA8BY anb L. 8. PALMER 

Division of Agricultural Biochemistry , University of Minnesota, St. Paul. 

PART I. NUTRITIONAL ANEMIA 

Two groups of workers have concerned themselves with the relative 
values of sole diets of raw or pasteurized milk in producing nutritional 
anemia in the rat. Scott and Erf (1) report results showing that a special 
milk; when fed raw, allowed a better gain in weight and greater increase 
in red cell count and hemoglobin than when the same milk was fed after 
holding pasteurization. Some commercially pasteurized milk gave inferior 
results to those obtained with the special pasteurized milk. It is not stated 
whether the rats were fed individually or in groups and what their food 
consumptions were. Neither are any copper and iron analyses of the milk 
reported. Krauss, Erb, and Washburn (2) report results contrary to those 
of Scott and Erf. They fed milk from the same bulk to two groups of 
rats, one group receiving raw milk and t he other the same milk after pas- 
teurization. The animals in both groups developed nutritional anemia as 
characterized by a marked decrease in hemoglobin and erythrocyte count 
and the decreases were at the same rate in both groups. No data are given 
for the food intake or growth. 


EXPERIMENTAL 

Methods. The procedure of ELvehjem and Kemmerer (3) Mas followed 
in rendering the rats anemic. The young Mere weaned at three Meeks, 
and then placed on the experimental diet of milk alone for an eight M r eeks 
period. The rats Mere housed in individual galvanized wire cages with i 
inch mesh screen bottoms. The two series of experiments conducted Mere 
similar except in the milk fed. They were carried out by the paired f ceil- 
ing method using males only. Both members of any one pair were litter 
mates and as similar as possible as to M'eight at the beginning of the experi- 
mental period. Those on the sole milk diet received no M T ater. The control 
group consisted of litter mates fed on the stock diet and water ad lib. 

The rats in both series were weighed weekly and food consumption rec- 

Received for publication November 6, 1934. 

The data presented are taken in large part from the thesis of H. A. Lasby presented 
to the Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. All pertinent individual data are 
available for reference in the Division of Agricultural Biochemistry. 
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ords were kept. Hemoglobin determinations were made at the time of 
weaning and weekly thereafter. The method used was that of Newcomer 
(4). Blood was obtained by cutting with a razor the tip of the tail, pre- 
viously dipped in hot water to promote the flow of blood. Calcium chloride 
was first used to stop the flow of blood but later collodion was substituted, 
as it proved to be more satisfactory. 

Series I. Seven pairs and three controls were used. The milk fed was 
obtained fresh daily, except Sunday, from the University of Minnesota 
Agricultural Experiment Station Dairy herd The experiment was con- 
ducted during May, June and July when the cows were on pasture. No 
special containers were used for the collection of the milk. It was brought 
up from the barns in a tin pail from which it was transferred to glass con- 
tainers for storage and pasteurization. A portion of each day’s milk was 
fed raw to one group and a portion was pasteurized in glass and fed as such 
to the other. For pasteurization, the milk was placed in stoppered 1 1. 
Erlenmeyer flasks, which were then immersed to the neck in a water bath. 
A temperature of 62°-63° C was maintained in the flask for 30 minutes. 
Subsequently the flasks and milk were cooled as rapidly as possible in run- 
ning cold water and stored, as was the raw milk, in a cold room at 40° C 
No attempt was made to standardize the fat content of the milk fed Feed- 
ings were made morning and afternoon. Definite quantities of milk were 
measured by pipette into glazed porcelain ramekins placed on the screen 
bottom of the cage. Any milk uncpnsumed at the next feeding was mea- 
sured. 

Series II. Eleven pairs and three controls were started. The milk 
used was commercial 1 raw and pasteurized milk obtained during February 
and March, thus representing late winter feeding Both were obtained 
from the same bulk. It contained 3 5 per cent butter fat. The pasteuriza- 
tion had been carried out in Yundt-Gridley stainless steel tanks by the hold- 
ing process at 143 5° F. (62° C.) for 30 minutes. Quart aliquots were 
taken each day and delivered for consumption the following day, except 
Saturday, when two quarts of Friday’s raw and pasteurized milk were 
delivered for Saturday’s and Sunday’s use. 

Chemical analyses. Analyses for iron and copper were made on the 
raw and pasteurized milk. In series I random samples were taken every 
week and analyzed. In Series II, 100 cc. aliquots were taken daily and the 
analyses made on weekly composites. The method used for iron was that 
of Elvehjem and Hart (5), Kennedy (6), and Elvehjem (7). In Series I 
the copper was determined by the method of Elvehjem and Ldndow (8) 

1 This milk was furnished through the courtesy of the Franklin Cooperative Cream* 
efy Association of Minneapolis. We acknowledge our indebtedness to them for it, and 
especially to Asa’t. Supt. Walter Ahlstrom, for insuring the taking of samples and their 
delivery. 
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as modified by Gebhardt and Sommers (9) and in Series II by the method 
of Cherbuliez and Ansbacher (10) and Ansbacher, Remington and Culp 
(11). The latter was believed to be more accurate and certainly le&s 
tedious. 

Results. Series I. The results obtained are presented graphically in 
figure 1. The mean hemoglobin value for the raw milk group decreased 



Fro. 1. Hemoglobin content of blood, bod} weight and milk consumption of mdi 
vidual rats fed raw and laboiatory pasteurized summer milk from Station Dairy herd on 
pasture, together with mean values and the means of the blood hemoglobin and body 
weight of controls fed stock diet. The continuous lines represent raw milk feeding and 
the dotted lines pasteurized milk. The death of an animal before the end of the eight 
weeks period is starred. 

from 7.80 to 2.31 gms. per 100 cc. while that of the pasteurized group 
decreased from 8.08 to 1.88 in eight weeks. The mean weight of the rats 
fed raw milk increased from 33.14 to 83.5 gms. in contrast to an increase 
from 33.71 to 78.5 gms. for those fed pasteurized milk. The data were 
treated statistically to test for the significance of the differences between 
the means of hemoglobin and the weight values obtained from the two 
groups of rats. 

Using Fischer’s application of ‘Students” distribution of t and the 5 
per cent level of significance the data in table 1 show that the differences 
for each successive weekly interval were not significant except for the fifth 
week hemoglobin values. This cannot be considered important inasmuch 
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TABLE 1 

Statistical significance of weekly differences tn mean hemoglobin content of blood and 
body weight of rats fed raw and pasteurised milk in paired feeding tests 


CALCULATIONS FROM HEMOGLOBIN 


OAL< ULATIONS FROM BOOT WEIGHT 


Week 

t 

P 

t 

P 

0 

1.9277 

0 0780 

0.8738 

0.4018 

1 

1.4279 

.1786 

0.8356 

.4228 

2 

1.0463 

.3194 

0.3999 

.6962 

3 

0.8717 

.4020 

1.5515 

.1582 

4 

0.3036 , 

( 7704 

0.5104 

.6212 

5 

3 4662 

0062 

0.4004 

6976 

6 

0.5587 

.5914 

0 1887 

8542 

7 

1.3859 

1086 

2 0751 

.0914 

8 

1.9765 

096(5 | 

1 7363 

1320 


as no statistically significant difference occurred in either the preceding or 
succeeding week 

The copper and iron analyses of the raw and pasteurized milk gave 
results indicating that the same quantity of metals was present in each 
Six iron analyses on raw milk made during the eight weeks period varied 
from 1.23 to 1 48 mgrns. per liter with a mean of 1 35 and on the same milk 
after pasteurization from 1 20 to 1 48 mgms. per liter with a mean of 1 35 
Six copper analyses made on the same milk varied from 0.11 to 0.17 mgms 
per liter with a mean of 0.14 wiiile those on the pasteurized milk varied 
from 0.12 to 0.16 mgms per liter with'a mean of 0 14 mgm. 

Series II. Since the conditions used in laboratory pasteurization are 
not those under which market milk is treated, a series w'as run in order to 
determine whether commercial pasteurization had any effect on the severity 
of the anemia produced by feeding it as the sole diet to rats 

The results obtained are plotted in Figure 2 Pair number eight w'as 
omitted from all calculations because that member of the pair being fed 
pasteurized milk escaped from the cage one night and there w r a% a subse- 
quent rise in hemoglobin 

It may be seen that there was a much wider spread between the hemo- 
globin and growth curves of the two rata of a pair than in those of Series I. 
In all cases that member of a pair receiving pasteurized milk grew better 
and had more hemoglobin. If the rat on raw milk had a higher hemoglobin 
or weighed more at the beginning of the experiment, there was a subse- 
quently poorer growth or a greater decrease in hemoglobins than on pas- 
turized milk, resulting in lower values at the end of the experiment. In all 
cases the milk consumption was control by that member of the pair 
receiving raw milk. 

Table 2 shows the statistical significance of the weekly differences of the 
mean values. It is seen that the differences in the mean hemoglobin values 
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Ftc. 2, Hemoglobin content of blood, body weight and milk consumption of indi- 
vidual rats fed commercially raw and pasteurized milk from winter feeding, together 
with mean values and the means of blood hemoglobin and body weight of controls fed 
stock diet. The continuous lines represent raw' milk feeding, and the dotted lines pasteur- 
ized milk. The death of an animal before the end of the eight weeks period is starred. 


were statistically significant at the end of the second week and thereafter to 
the end of the experiment. The fact that the differences of the first two 
weeks were highly insignificant does not mitigate against the significance 
found subsequently. A lapse of time before the appearance of the differ- 
ence would be expected since the difference hi the concentrations of copper 
and iron as shown by chemical analyses were small. When Ihe mean weekly 


TABLE 2 

Statistical significance of weekly differences in mean hemoglobin content of blood and 
body weight of rats fed commercial raw and pasteurised milk 
in paired feeding tests 


CALCULATIONS FROM HEMOGLOBIN j 

| CALCULATIONS FROM BODY "WEIGHT 

Week 

t 

P 

t 

P 

0 . ... 

0.2822 

0.7828 

0.3419 

0.8134 

1 . 

0.7104 

.4866 

0.9687 

.3456 

2 

2.0342 

.0576 

0.6187 

.5434 

3 

2.4231 

i .02)84 

2.0437 

.0572 

4 

2.8503 

j .0130 

1.0779 

.2966 

5 

6.3123 

.0000 

1.2947 

.2264 

6 

3.1061 

.0112 

0.5347 

.6080 

7 

4.7452 

.0090 

3.7983 

.0194 
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weights of the groups are considered, it may be seen that those fed pasteur- 
ized milk had consistently greater mean weights than those fed the raw 
milk. However, Table 2 shows that the difference was significant only in 
the third and seventh weeks. The significance in the third week was border 
line and since that in the seventh was based on only four individuals it is 
doubtful that it should be considered as truly significant. The greater 
differences observed in this series are no doubt due to the iron and copper 
intakes of the rats fed the pasteurized milk. However, it seems that 
although this greater intake was sufficient to produce significant differences 
in the hemoglobin values, slightly more would be necessary to produce 
equally significant differences in growth. 

Chemical analyses of the commercial pasteurized milk showed that it 
differed in copper and iron content from the raw milk. Eight analyses 
for iron made during the eight weeks period showed for raw milk a range 
from 0.85 to 1.49 mgms. per liter with a mean of 1.13 while for pasteurized 
milk the range was from 1.06 to 1.64 rngms. per liter with a mean of 1.34. 
When the same milk was analyzed for copper, the raw milk showed a range 
from 0.15 to 0.24 mgms. per liter with a mean of 0.19 and the pasteurized 
milk ranged from a content of 0.23 to 0.32 mgms. per liter with a mean of 
0.27. It seems evident that the milk picked up copper and iron in the milk 
plant although the stainless steel pasteurizing tanks could not have been 
responsible. It is this additional quantity of the metals in the pasteurized 
milk which is reflected in the higher hemoglobin and greater growth of the 
rats fed the commercially pasteurized milk. 

As the experimental period progressed all rats in both series developed 
an appearance characteristic of nutritional anemia. In case of piebald rats 
the black fur became gray except in small area on the head. After the rats 
had been on the milk diet for some time it was noted that the incisor teeth 
were growing out without the characteristic brown pigment on the outer 
surfaces. In some ihe dark coloration was still visible on the distal ends 
of the teeth. This lack of tooth pigment seems to be a characteristic result 
of milk diets. Gross autopsies performed revealed that all organs and 
muscle tissue were bloodless in appearance. The caecum was almost in- 
variably enlarged and often the heart. In Series I no difference could be 
noted in the appearance and behavior of those fed raw milk and those fed 
pasteurized milk. In Series II, however, there was a marked difference in 
the dispositions of the two groups. Those fed pasteurized milk w r ere more 
active and eager for food, while the others tended to be inactive and huddled 
in the corners of the cages. In all cases the animals fed raw milk controlled 
the food consumption of the pair. The mortality in this series was much 
greater than in Series I. Of the eleven pairs started, only one survived the 
eight weeks experimental period. In the ten pairs in which early death 
occurred, nine of the ten rats dying were fed raw milk. Why the mortality 
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in this series was higher than in Series I is uncertain. However, it may 
have been due both to a smaller fat content if the commercial milk which 
was standardized to 3.5 per cent butter fat content, resulting in a lower 
caloric intake than in Series I, and to the fact that this milk which was 
secured for study in the latter part of the winter had a lower vitamin con- 
tent, particularly vitamin A, as the result of the type of winter feeding 
practiced on the farms where the milk was produced. 

PART II. CALCIUM, PHOSPHORUS, AND NITROGEN METABOLISM 

That the heat treatment of milk alters certain of the milk salts is now 
definitely established. Whether this change alters their nutritive value is 
still unanswered. Considerable experimental nutritional work has been 
done on the comparison of the retention of the calcium, phosphorus, and 
nitrogen of raw and pasteurized milk. Most of the results are inconclusive 
and few can pass uncriticized. For an accurate comparison the raw and 
pasteurized milk fed must come from the same bulk and a sufficient number 
of animals must be used to insure the required degree of accuracy in the 
subsequent evaluation of the results. The effect of other articles of diet 
on the retention of these minerals is not known. There also appears to be 
species differences so that results obtained from one species are not neces- 
sarily applicable to another. 

Daniels, Stuessy, and Francis (12) compared the growth of rats fed 
milk which had undergone various heat treatments. Ellis and Mitchell 
(13) carried out carefully controlled calcium balance studies with rats fed 
rave or pasteurized milk plus a basal ration containing a small amount of 
calcium. They found that the animals fed raw milk gained more in weight 
and showed a higher calcium content of the carcase than those fed pasteur- 
ized milk. In both cases the results were statistically significant. How- 
ever, when the average calcium retention was as high as 98 per cent for rats 
on raw milk and 92 per cent for rats on pasteurized milk the calcium intake 
was probably too low to be of any practical importance. 

Krauss, Erb, and Washburn (2) measured the ability of rats to use 
calcium and phosphorus from raw pasteurized milk by analyzing the femurs 
of rats after a period of feeding on the milk as a sole diet. No differences 
in the percentage of ash, calcium and phosphorus were found. 

EXPERIMENTAL 

Methods, Male rats 10 weeks of age, and weighing from 225 to 292 gms. 
were selected from an inbred strain selected for high efficiency of food 
utilization during growth. At this age the rats selected were still storing 
calcium, their normal growth curve was still a straight line, and their 
efficiency was known. The paired feeding method was used. Male litter 
mates were paired as nearly as possible for weight. The study included 
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six pairs from two litters. One member of each pair was fed raw milk and 
the other pasteurized milk from the same bulk. The milk fed was from the 
University of Minnesota Agricultural Experiment Station herd. The ex- 
periment was conducted in late September and early October. The method 
of pasteurizing was the same as that used in Series I of the anemia studies. 
Seven day collection periods were used. The rat was always placed on the 
particular diet to be used three days before collections were begun. Three 
successive collection periods were used for each pair. The order of feeding 
for one member of a pair was raw, pasteurized, and raw, and for the other 
pasteurized, raw, and pasteurized. This alternation was used in order to 
minimize the possible influence of the order of feeding the two milks. The 
milk was fed twice a day, morning and late afternoon. To the morning 
feeding there was added 1 ec. of a slightly acidulated solution of ferric 
chloride and copper sulfate made up so that 1 cc. contained 0.4 mgms. of Fe 
and 0.32 mgms. of Ou in order to prevent nutritional anemia. The milk 
thus supplemented was completely consumed by both members of a pair 
before more was fed. The milk was measured out by a pipette and any 
unconsumed afler 24 hours was measured. 

The cages used w r ere especially designed for metabolism studies. The 
rats were weighed weekly and food consumption records kept The urine 
and feces w T ere collected after each period and analyzed for calcium, phos- 
phorus, and nitrogen. 

Similar analyses were made on aliquots uf weekly composite samples of 
the raw and pasteurized milk fed. The milk was preserved with formalde- 
hyde until the analyses were made. Fifteen pairs of balance determinations 
were made using six pairs of rats. By subtracting the total amount of a 
mineral excreted in the urine and feces from the intake as supplied by the 
milk, the balance w r as obtained. For the sake of comparison, the balance 
values were then calculated on the basis of the, percentage of the intake 
retained. In order to compare the percentages of the intake of the respec- 
tive minerals which were retained on the diets of raw and pasteurized milk, 
the mean values were calculated. 

Chemical analyses. The calcium and phosphorus determinations were 
made on the samples by the method of Morris, Nelson, and Palmer (14). 
The nitrogen was determined by semi-micro Kjeldahl method of Oavett 
(15). 

Results. The results obtained are presented in Table 3. The signifi- 
cance of the difference was then determined as in Part I. 

The mean percentages of intake retained together with the correspond- 
ing probabilities are given in Table 4. 

There was no significant difference between the retentions on the diets 
of raw and pasteurized milk. The slight differences which were found 
favored the pasteurized milk. 
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BONE ANALYSES 

Methods . For the purpose of determining whether the calcium and 
phosphorus of raw and pasteurized milk were equally available for bone 
formation, analyses were made on bones of the rats used in Series II of 
the anemia studies. The femurs and tibias were removed immediately after 
death, stripped of adhering flesh, and stored until the analyses were made. 


TABLE 4 

Mean percentage retention of calcium , phosphorus and nitrogen from raw and pasteurized 
milk and P value of differences 


ELEMENT 

RETENTION ON 
RAW MILK 

RETENTION ON 
PASTEURIZED MILK 

P 


per cent 

per cent 


Calcium 

68.9 

68.3 

0.6009 

Phosphorus 

58.5 

60.5 

0.1120 

Nitrogen , . 

76.0 

77.5 

0.1616 


At that time the femur and tibia of one leg from each animal were selected, 
crushed in filter paper, and extracted with alcohol for 48 hours and with 
ether for 24 hours. The percentage of ash in the bones was determined and 
the ash analyzed for calcium and phosphorus according to the method of 
Morris, Nelson, and Palmer (14). Weekly aliquots of the milk were also 
analyzed for calcium and phosphorus by the same method. The mean cal- 
cium values of the weekly aliquots of raw and pasteurized milk were 11.96 
mgm. and 12.01 mgm. per liter respectively. The corresponding phos- 
phorus values were 8.92 mgm. and 8.9(1 mgm. per litter of raw and pasteur- 
ized milk. 

Results. Results of the bone analyses of the eleven pairs of rats are 
presented in Table 5. 

These data were treated statistically by the method previously referred 
to. A probability of 0.054 was obtained that the percentage of ash in the 
bones of rats fed raw milk was significantly different from that of the rats 
fed pasteurized milk. This is a border line value. The percentage of ash 
was then correlated with the age of the rat, since the age might influence the 
percentage of ash and the rats used were of different ages depending on the 
time during the experimental period at which death occurred. A correla- 
tion coefficient equal to +0.7638 was obtained, but this was not significant 
for the number of samples correlated. Since the femur and tibia of the 
other hind leg of the rats were also available, the length of these was ob- 
tained by means of calipers. The means of these data also are shown in 
Table 5. The total length of the two bones was then correlated with the 
percentage of ash. This was done because the rats fed pasteurized milk 
grew better but their bones showed a lower ash content than did the bones 
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TABLE 5 

Calcium and phosphorus content and length dry-cxtracted femur plus tibia of rats dying 
from anemia after consuming commercial ran) and pasteurized millc 


MILK 

J HONK COMPOSITION 

TOTAL LENGTH 

Total Ash 

. On 

P 

TIBIA 


per cent 

i 

per cent 

per cent 

mm. 

Raw 

58.93 

22.13 

9.38 

5.326 

Pasteurized 

50.99 

21.07 

9.10 

5.389 


of the rats fed raw milk. lienee, if a longer bone showed a lower ash con- 
tent, it should contain more organic arid less mineral matter. The correla- 
tion coefficient between the length of the log bones and the ash content in the 
raw group was f 0.6238 and in the pasteurized group -f 0.2493, neither of 
which are significant. It seems, therefore lhat the difference in the mean 
percentage of ash in the bones of the two groups is probably not significant. 

SUMMARY AND CONCLUSIONS 

Experiments designed to compare the severity of nutritional anemia 
developed in comparative groups of rats when one group was fed raw milk 
and the other the same milk after pasteurization have been carried out. 
The results of the experiment show : 

1. When the pasteurization of milk is carried out in glass in the labora- 
tory, the severity of the anemia and the growth of the rats are not signifi- 
cantly different on diets of raw or pasteurized milk. 

2. The iron and copper contents of milk are not affected by pasteuriza- 
tion in glass in the laboratory. 

3. When the pasteurization of milk is carried out commercially, the 
anemia developed may be less severe than on raw milk and the growth 
better. 

4. The iron and copper contents of milk commercially pasteurized may 
be greater than that of the milk before the heat treatment due to contact 
with the metallic equipment in use in commercial milk plants. 

Experiments designed to compare the calcium, phosphorus, and nitrogen 
balance metabolism of paired rats, one of which received a sole diet of raw 
milk and the other a sole diet of the same milk after holding pasteurization 
in glass in the laboratory, have been carried out. The results of these 
experiments lead to the following conclusions : 

1. The calcium retentions are the same on the two diets. 

2. The phosphorus retentions are slightly but not significantly greater 
on pasteurized milk. 

3. The nitrogen retentions are slightly but not significantly greater on 
pasteurized milk. 
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Analyses of the percentage of ash, calcium and phosphorus have been 
made on dry-extracted femur-tibia bones of rats fed a sole diet of raw or 
commercially pasteurized milk. 

The following results were found : 

1. The bones of the rats fed raw milk had a higher percentage of ash 
than those of the rats fed pasteurized milk. The difference was probably 
not significant. 

2. The mean calcium and phosphorus contents of the bones of the rats 
fed raw milk were slightly but not significantly higher than those of the rats 
fed pasteurized milk. The ash, calcium, and phosphorus differences while 
not significant may have been due, in part, to the better growth of the rats 
fed the pasteurized milk. 

3. The mean calcium and phosphorus contents of the milk before and 
after pasteurization were the same. 
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ANNUAL MEETING 

AMERICAN DAIRY SCIENCE ASSOCIATION 
University Farm, St, Paul 
June 24 to 27, 1935 

GENERAL INFORMATION 

There has been a slight change in the general plan of the meeting from 
that announced in the February issue of this Journal. It is now planned 
to have the opening session Monday evening, June 24th, at which there will 
be the usual addresses of welcome and opportunity to transact such matters 
of business as the officers desire to present to the Association. A second 
and concluding business session will be held Wednesday afternoon, June 
26th. The opening session will be followed by a general get-together in 
the Dormitory Parlors where it is expected that most of the members will 
have secured rooms. 

Plans are taking shape for the opening scientific session. Tuesday morn* 
ing, June 25th. This is to be a symposium entitled “Improving the Germ 
Plasm of Domestic Plants and Animals ” which will be held jointly under 
the auspices of Section (), A. A. A. S., the American Dairy Science Asso- 
ciation, the Corn Belt Section of the American Society of Agronomy, the 
American Society of Horticultural Science Great Plains Section, the Ameri- 
can Society of Plant Physiologists, and possibly also the American Phvto- 
pathologieal Society. Our own Association will be represented on this 
symposium by Dr. Jay L. Lush, of Iowa State College. The program com- 
mittee hopes that this unusual opportunity to meet with our colleagues and 
friends in other fields of agricultural science will prove to be the special 
feature of the 1935 meeting which will long remain a pleasant memory as 
well as be an inspiration to all of us. 

SECOND CALL FOR PAPERS AND ABSTRACTS 

Members are again invited to send titles of papers for the Sectional 
Scientific sessions. Each title should be accompanied by an abstract of 
300 words or less. All communications relative to papers should be sent 
directly to the chairman of the Program Committee All titles and abstracts 
must be received by May 1st in order that the program may be arranged and 
printed in the June issue of this Journal and the abstracts be made avail- 
able in printed form for the meeting. Authors are asked to indicate the 
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section before which they wish to appear. Authors who submit titles and 
abstracts and later learn that they will not be able to attend the meeting 
are urged to advise the chairman if possible by May 10th in order that the 
paper may be placed at the end of the program for presentation by vote 
of the membership present. 

L. S. Palmer, Chairman 
Program Committee 
University Farm, St. Paul 
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A STUDY OF THE INFLUENCE OF THYROXIN ON 
MILK SECRETION* 

E. L. JACK AND S. I. BECIIDEL 

Department of Dairy Husbandry, The Pennsylvania State College , State College, Penn. 

A knowledge of the physiological factors affecting milk secretion is 
essential to the study of the causes of variation in milk yield among dairy 
cows. It is reasonable to suppose that the activity of the mammary gland 
is a direct function of the general metabolism of the animal. If this sup- 
position is correct, those factors that affect the metabolism should have a 
similar influence on milk yield. The stimulating effect of thyroxin and 
tliryoid extracts upon the metabolic rate of animals has been well estab- 
lished (1, 10, 11). Henderson (9) has studied the effects of various stimu- 
lants and galaetogogues over two day test periods. McCandlish (13, 14) 
studied the effect of drug administration on milk yield in a two day period. 
Ott and Scott (15, 16) injected animal extracts and observed the number 
of drops of milk secreted in a five minute period following injection. 
Changes brought about by the various treatments were not significantly 
large or of long enough duration that the data could be applied to the 
study of the problem of milk secretion. 

Turner (19) has shown that galaetin, a hormone elaborated in the an- 
terior pituitary gland, is able to initiate milk secretion in the developed 
mammary gland. Corner (2) has shown the positive effects of hypophy- 
seal extracts in the hormonal control of lactation. Gowen and Tobey (5) 
found that injections of insulin and phloridzin caused a marked decline 
in milk yield. Grimmer and Wentzel (8) claim that thyroidectomised 
goats secreted milk at a rate comparable to that before thyroidectomy. 
Graham (6) has studied the effect of thyroidectomy and thyroid feeding 
on milk secretion and milk fat production of cows. He shows that thyroid- 
ectomy and a similar control operation without the thryoidectomy caused 
a rapid decline in milk secretion and that the effects of the thyroidectomy 
eould not be distinguished from those of the control operation. Thyroid 
feeding to thyroidectomised cows brought the milk yield level back to that 
before the operation. Thyroid feeding to normal cows caused a rise in 

Received for publication November 18, 1934. 

* Publication authorized by the Director of The Pennsylvania Agricultural Experi- 
ment Station, November 5, 1934, as Technical Paper No. 662. 
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milk flow when the rate of lactation was falling but was ineffective when 
the curve was rising or at its peak. 

The study here presented was designed to determine the effect of 
intravenous thyroxin injections upon the quantity of milk secreted by dairy 
cows and upon the composition of the milk. 

EXPERIMENTAL PROCEDURE 

Four cows were injected intravenously with thyroxin. Two purebred 
Brown Swiss cows, #1559 and #1562, were used to study the effect, of the 
injections on the composition and quantity of milk secreted. A veterinary 
physical examination in conjunction with the Brom-thymol-blue test, the 
cell count, and the chloride content of the milk showed the animals to be 
free from mastitis which might alter the composition of the milk. #1562 
w r as injected with 25 rngni. of thyroxin and after a 10 day interval she 
w r as given daily injections of one mgm. for 18 days. Then #1559 was given 
identical treatment for 28 days. #1562 was then given a second 28 day 
period of treatment. 

The other cows used w f ere purebred IIolstein-Friesians, #1525 in de- 
clining production and the other, #1400, at the peak of her production. 
They were given 25 mg. injections at seven day intervals for three weeks 
to study the effect on the quantity of milk secreted. 

The following constituents were determined in the milk of the first 
two eow r s; Specific gravity with a lactometer, fat percentage by the Bab- 
cock method, solids-not-fat calculated by the equation % SN T F - L/4 - ,2F 
1 .14, lactose by the colorimetric method of Folin and Wu (4) for blood 
sugar and modified for lactose by Owen and Gregg (17), total nitrogen by 
the Kjeldahl method and protein calculated as %• Protein = N x 6.58, and 
laetalbumin and lactoglobulin by the colorimetric method of Greenberg (6) 
for serum proteins. Analyses were made every second or third day on a 
sample representing an aliquot portion of each milking during the 24 hours. 

Body weights w T ere taken on these animals at the beginning and end of 
each 28 day period. Weighings were made three days in succession at 
the same hour each day and the three weights averaged to secure the 
weight for the period. 

Data given by Thompson, Thompson, and Dickie (18) show that one 
tenth of a milligram of Squibb ’s thyroxin wdll increase the basal metabolic 
rate of a person of 140 pounds weight by 10%. On a comparable weight 
basis one milligram should increase the basal metabolic rate of a 1400 pound 
cow by 10% and 25 mm. per w r eek should increase the basal metabolic rate 
about 30%, . 

EXPERIMENTAL DATA 

The accompanying graphs (Figures 1, 2, 3, 4) show the data obtained 
for daily milk weights, milk fat percentage, pounds of milk fat produced, 
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Fig. 1. Graph showing daily production of milk, milk fat, fat percentage, specific 
gravity, and solids-not-fat for No. 1559. 
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Fig. 2. Graph showing percentages of lactose, protein, lactalbumin, and lacto- 
globulin for No. 1559. 
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PiQ. 3. Graph showing daily production of milk, milk fat, fat percentage, specific 
gravity, and solids-not-fat for No. 1562. 
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Fig. 4. Graph showing percentages of lactose, protein, lactalbumin lactoglobulin 
for No. 1502. 
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lactose percentage, percentage of protein, lactalbumin and lactoglobulin 
percentages, specific gravity, and percentage of solids-not-fat for cows #1559 
and #1562 used in the first part of the experiment. 

The following table shows the average daily production of milk, fat 
percentage, pounds of fat produced by weekly periods and the body weights 
of the animals, #1562 and #155!), by 28 day periods. 


No. ir»02 



No. 1559 was dropped to twice daily milking on March 13 and w’as 
turned dry early in April because she was due to freshen about June 1. 
This fact accounts for the rapid decline in her milk yield. All other cows 
were milked three times daily and were handled in the same manner as the 
rest of the herd. 

The graph (Fig. 5) shows the daily rate of milk secretion of the two 
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Days 

Pig 5. Graph showing daily milk production for No. 1400 and No. 1535. 
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cows, No. 1535 and No. 1400, used in the second part of the experiment to 
study the effects on milk yield of weekly injections of 25 mgm. of thyroxin. 
No. 1400 had been in milk 42 days and apparently was at the peak of her 
production when the first injection was made. She struggled so violently 
during the first two injections that a portion was spilled. It is estimated 
that she received about half of the amount of these injections and the full 
amount at the third dose. No. 1535 had been in milk six and one half 
months at the time of the first injection. 

DISCUSSION OF RESULTS 

The data show that the composition of the milk is not significantly 
altered by injections of thyroxin. The variations that occur are for the 
most part no greater than are to be expected, and do not appear to be 
correlated with the course of the thyroxin injections. 

Locper, LaMaire, and Tonnet (12) have found that in human beings 
the albumin to globulin ratio in blood plasma normally is 3: 2 and that in 
hyperthyroidism it increases to 9:1, the change being due to an increase 
in albumin at the expense of the globulin fraction. 

It was thought that thyroxin injections possibly would bring about a 
similar change in these protein fractions in the blood stream, and, provided 
there is a quantitative exchange of globulin between the blood and the milk 
in the secretion of this constituent, reflect itself in a lower lactoglobulin 
value since lactoglobulin is known to be identical with seroglobulin. Such 
a change did not appear in the milk. Unfortunately blood analyses were 
not made and so it cannot be said whether or not any change occurred in 
the blood composition. Such data woidd have enabled us to speculate* with 
more certainty upon the mode of lactoglobulin secretion. 

The most significant change noted was the increase in milk yield in all 
cases following the administration of thyroxin. In the case of No. 1562 
the dosage calculated to be equivalent to a 10% increase in the basal meta- 
bolic rate resulted in an increase in milk yield of 11.2%. The increase in 
yield of No. 1535 resulting from administrations equivalent to a 30%/ 
increase in the basal metabolic rate was 6.5%. The two partial injections 
in No. 1400 caused considerable fluctuation in milk yield with the average 
somewhat lower than in the two previous weeks. The third complete injec- 
tion brought about an increase of 9%. The rapid decline in yield of No. 
1559 due to the nearness to the end of the lactation period makes a similar 
computation impossible in her case. With No. 1559 and No. 1562 the 
25 mgm. injections were most effective in increasing milk yield and in all 
four animals so treated the effects were gone at the end of seven to nine 
days after the injections. The effects of the one milligram injections 
seemed to disappear as soon as the injections were stopped. 
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Three different stages in the lactation period are represented by the 
cows used in this work. The peak of production is represented by No. 
1400; she showed a lower milk yield on the two partial doses, but showed 
an increase following the third dose. This does not substantiate Graham's 
(6) observations where dessioated thyroid was fed at the peak of produc- 
tion. The period of declining production is represented by No. 1535 and 
by No. 1562. In both cases the administ ration of th> roxiu was decidedly 
effective in increasing milk yield. The administration of thyroxin was not 
particularly effective in increasing milk yield in the case of No. 1559 at 
the end of the lactation period. This fact indicates that the forces tending 
to inhibit milk flow at this time are more effective than the stimulating 
effect of the treatment. In all cases the effects of the administration 
ceased in a very short time after the injections were discontinued. 

Boot liby and Samliford (1) and Thompson, Thompson, and Dickie (18) 
have found that the effects of thyroxin injections upon the basal metabolic 
rate can be observed for 30 to 60 days after treatment. The effects upon 
milk secretion are not so persistent. It would thus appear that the increase 
in metabolism is not the sole explanation for the increase in milk secretion 
since the trend of milk secretion does not follow the expected trend of 
metabolic rate. However, the body weights of the cows indicate that the 
metabolism is a factor since the animals remained constant in weight or 
increased very slightly during the periods of injection but gained more 
rapidly in the periods when they were not injected. This indicates that 
during the periods of injection the cows were using materials for inilk 
secretion that otherwise would have been used for body tissue. 

Turner (19) and Corner (2) have shown that the hormone galactin 
elaborated in the anterior lobe of the hypophysis has to do w’ith controlling 
the secretion of the developed mammary gland. Evans and Simpson (3) 
and Van Horn (20) show 7 that hyperthyroidism results in an increase in 
the activity of the hypophysis. It would thus appear that thyroxin stimu- 
lates milk secretion indirectly by causing an increased secretion of galactin 
from the anterior lobe of the hypophysis. 

SUMMARY AND CONCLUSIONS 

Two purebred Brown Swiss cows w r ere injected intravenously w r ith 
thyroxin alternately over three 28 day periods at a rate calculated to 
increase the basal metabolic rate by 10 per cent. 

The quantity of milk secreted was weighed and analyses of the milk 
w 7 ere made to determine the specific gravity, the weight of milk fat pro- 
duced, and the percentages of milk fat, lactose, protein, solids-not-fat, 
lactalbumin, and lactoglobulin. Body w eights w 7 ere taken each 28 days. 

Two purebred Holstein-Friesian cows were given intravenous injections 
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of thyroxin at seven day intervals for three Meeks at a rate ealenlaled to 
increase the basal metabolic rate by 30* per cent. Careful observations 
were made on the quantity of milk secreted by these cows. 

An increase in milk secretion resulted from 25 mjrm. thyroxin injec- 
tions. They were most effective during the period of declining lactation 
just previous to the last few Meeks of the* lactation period They wen* less 
effective at the peak of production and at the extreme* latter end of the 
lactation period the effect was hardly significant. 

The composition of the milk as shown by the constituents for "which 
analyses "were made was not significant Iv altered. 
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FACTORS AFFECTING ECONOMICAL MANUFACTURE, UNI- 
FORMITY IN COMPOSITION AND QUALITY OF BUTTER 

I). H. NELSON 

Dairy Industry Division, University of California, Davis 

The Bureau of Dairying, United States Department of Agriculture, co- 
operating with the Dairy Industry Division, University of California, 
started an extension program iri 1922 for the standardization and improve- 
ment of butter in California. This program is based on the voluntary co- 
operation of creameries throughout the State who furnish samples of butter 
for scoring and other samples taken from the churn to be analyzed by the 
Kohman Method. The scoring and analyzing is done in the so-called 
“ Butter Standardization Laboratory” where detailed records are kept and 
duplicate copies are returned to each creamery. The findings of this Lab- 
oratory are used as a guide in the standardization and improvement of the 
butler made in those creameries. 

The first report on the progress of this program was published in Bul- 
letin 443 of the California Agricultural Experiment Station by F. H. Ab- 
bott w r ho continues to be in charge of the work he began twelve years ago. 
It is with his permission and assistance that this study is based upon the 
records of the Butter Standardization Laboratory. 

The Laboratory analyzes, by the Kohman Method, from 4000 to 6000 
samples of butter each year. These samples are furnished by creameries 
which manufacture about 60% to 70% of all the butter made in California 
so that the records reveal a fairly accurate picture of the quality of Cali- 
fornia butter. 

Our present study is concerned with the factors influencing both the 
economical manufacture and the uniformity in both composition and quality 
of butter — quality as affected by composition. Such factors include the effi- 
ciency and conscientiousness of the employees, the efficiency of the machines 
used — but probably one of the most important factors is the overrun. The 
overrun reflects, in a large measure, all of the other factors which affect both 
economical manufacture and uniformity of product. The butter manufac- 
turer readily learns that other factors being equal, an increase in the over- 
run reduces the cost of manufacture and increases his profits. Therefore, 
his problem becomes one of maintaining the maximum overrun. This maxi- 
mum overrun is restricted by both State and Federal laws which require 
not less than 80.0% fat in butter. The result of these factors is an attempt 
by the manufacturer to maintain an overrun which puts on the market a 
butter containing as close to 80% fat as his facilities will permit. 

The records of the Butter Standardization Laboratory show (Table 1) 
that the average fat content of California Butter is approximately 80.5%. 

Beceived for publication November 9, 1934. 
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This is considerably lower than the figures usually found in the literature. 
Five recognized references listed in table 1 give five different “averages” 
for the fat content of butter, namely, 8*1.5%, 82.41%, 81.12%, 81.31% and 
83.0%. However, Hunziker 1 suggested the possible limitations of his fig- 
ures by saying “American creameries that standardize the percentage com- 
position of their butter, usually endeavor to secure an overrun that ap- 
proaches as much as possible the maximum theoretical overrun attainable 


TABLE 1 

Average percentage composition of butter 


horitCK 

M'M HBIl OF 

n ( 

f /o i 


% 


SAMPLE* 

FAT 

WATKU 

SALT 

ernn 

California (1931) (1) 
California (1932) (1) 

5(100 

80.00 

15.90 

2.77 

0.07 

Gathered Cream 

1500 

80.49 

16.13 

2.70 

0.08 

Whole Milk 

2500 

80.53 

16 32 

2.50 

0 05 

Hunziker (2) 


| 81.5 

15.0 

2.5 

1 0 

Hunziker (2) 


80 to 
, 81 

15.3 to 

15 9 

2.5 to 

3.5 

! 1.0 to 

! 1.25 

Thompson, el aL (3) 
Fundamentals of Daily Sci- 

095 

82.4 1 

13.90 

2.51 

1.18 

ence (4 ) 

573 

81.12 

15.40 

2.44 

0.98 

Eckles, Combs and Macy (5) 

1000 

81 31 

15.35 

2.31 

1.03 

Judkins and Smith (0) 


83.0 

13 9 | 

3.0* 

1.1 


* Recorded as ash in the reference and no mention made of salt. 

(1) Taken from the records of the Butter Standardization Laboiatory. 

(2) Hunziker, O. F. : The Butter Industry, 2nd Edition, 1927, page 450, 451. 

(3) Thompson, 8. C., Shaw, R. S., and Norton, R. P.: The Nounal Composition of Amer- 

ican Creamery Butter. U. S. D. A., B. A. 3., Bui. 149 (1912). 

(4) Associates of Rogers: Fundamentals of Baity Science, 1928, page 35. 

(5) Eckles, C. II., Combs, W. T5., and Mary, II,: Milk and Milk Products (1929), page 

201 . 

(6) Judkins, II. F., and Smith, R. W. : The Principles of Dairying (1931), page 27. 

under the Federal requirement Again in Fundamentals of Dairy 

Science, page 34, appears “The limits of variations are gradually becoming 
narrower due to the enforcement of Federal and .State standards and to 
more nearly uniform methods taught by the State dairy school.” These 
facts are demonstrated in figure 1 which shows the percentage distribution, 
according to fat content of samples analyzed in 1912, 1925, and 1932. 

This relationship suggests a statistical treatment with narrower class 
intervals. The distribution of 4000 samples analyzed in the Butter Stand- 
ardization Laboratory during 1932 appears in table 2 where the class-in- 
tervals give a smooth curve without minimizing the points of special inter- 
est, such as the percentage of samples which are only slightly below the State 
and Federal requirement of 80.0% fat. 

i Hunziker, O. F.: The Butter Industry, 2nd Edition, 1927, page 451. 
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About 13% of aJI the samples appear in those "roups containing Jess 
than 80% fat and less than G% in groups containing more than 81.3%. fat. 
Thus the narrow range of 80 %» to 81% fat is established for the majority of 
the butter. In other words, the normal percentage of fat in butter is in 
close agreement with the average percentage given in table 1. Further- 
more, the average of the figures given in the literature and quoted in table 1 
is calculated as 81.9% fat which falls in the groups including only (i%. of 
the samples tabulated in table 2. 



This lower fat content of 80.5% as compared with 81.9 means an in- 
creased overrun with a consequent increase in profit for the manufacturer. 
For example, a manufacturer who makes only 300,000 lbs. of butter per year 
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TABLE 2 


Percentage distribution of 4,000 samples according to their fat content 


PER CENT FAT 

78.00 

TO 

79.00 

79.01 

TO j 

79.74 ! 

79.75 

TO 

79.94 

79.95 

TO 

80.54 

80.55 

TO 

80.84 

80.85 

TO 

81.04 

81.05 

TO 

81.34 

81.35 

TO 

84.00 


% 

% 

% 

% 

% 

% 

% 

% 

Whole milk 

0.6 

4.8 

6.2 

42.3 

25.7 

10.7 

5.1 

4.6 

Gathered 

0.4 

8.2 

5.5 

40.1 

19.4 

12.1 

8.5 

5.8 

All creameries 

0.5 

6.0 

6.0 

41.5 

23.4 

11.2 

6.4 

5.0 


should have a .manufacturing cost of 2.9# per lb. according to a survey of 
115 Iowa creameries during 1921 and 1922. This 300,000 lbs. of butter hav- 
ing an average fat content of 81.9% would require 245,700 lbs. of fat which 
would cost $53,562 at 21.8# per lb. — the average quotation of the San Fran- 
cisco market for 1932. The cost of making this butter would be $8,700 and 
the market value at 21.8# would be $65,400. This leaves a profit of $3,138 
for the year of 1932. If this same manufacturer purchased the 245,700 lbs. 
of fat at the same cost of $53,562, but controlled the fat content at 80.5% 
he would make 305,217 lbs. of butter having a market value at 21.8# per lb. 
of $66,537. Assuming the same cost of manufacture, this would leave $4,275 
profit, an increase of 36% over the profit from butter containing the higher 
per cent fat. 

While the fat content of the butter is the important factor in determin- 
ing the overrun, the buttermaker at the churn usually controls it by a mois- 
ture test. This point of view does not give due credit to the salt content 
and curd content of the butter — both of them being as important in the con- 
trol of overrun as in the moisture content. It will be seen from table 1 that 
the average salt content of butter is quite uniformly established at 2.5%. 


TABLE 3 

Percentage distribution of 4,000 samples according to their curd content 


RANGE OF PER 
CENT CURD 

.20 

TO 

.34 

.35 

TO 

.44 

.45 

TO 

.54 

.55 

TO 

64 

.65 

TO 

.74 

.75 

TO 

.84 

.85 

TO 

.94 

.95 

TO 

1.04 


% 

% 

% 

% 

% 

% ' 

% 

% 

Whole milk 

1.3 

2.6 

14.4 

29.4 

28.3 

15.1 

7.0 

1.9 

Gathered 

0.9 

1.6 

10.1 

25.7 

29.9 

19.7 

9.3 

2.8 

Total samples 

1.1 

2.2 

12.8 

28.1 

28.9 

16.8 

7.9 

2.2 


However the curd content is commonly given as 1% — especially when 
speaking of what Hunziker calls the “curd by difference,” which includes 
all of the solids-not-fat in the butter. This is not in agreement with the 
figures for California butter as shown by table 1. Again table 3 shows the 
distribution of 4000 samples received during 1932 in class intervals of their 
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curd content. The majority of the samples contain between 0.55% and 
0.84% “curd by difference/’ with the average “curd by difference” content 
at 0.67%. It is significant that none of the samples contained more than 
1.0% “curd by difference” and only 10.1% of the samples contained more 
than 0.85% “curd by difference.” 

Therefore, from a study of those records, it appears not only desirable 
but also practical for the butter manufacturer to so control his overrun that 
the fat content of the butter will always fall between 80% and 81%. In 
order to do this, it is necessary to use not only the moisture test, but prefer- 
ably the Kohman Method for analyzing each churning of butter. 




THE RELATION OF VITAMIN D TO CALCIUM AND PHOSPHORUS 
RETENTION IN CATTLE AS SHOWN BY BALANCE TRIALS 

G. CARROLL WALLIS, L. S. PALMER and T. W. GULLJCKSON* 

Divisions of Dairy Husbandry and Agricultural Biochemistry , 

University of Minnesota, St. Paul , Minnesota 

The fact that a call* has a definite vitamin D requirement and suffers 
from a deficiency of this factor in its ration has been demonstrated by Ihe 
published work of Rupol, Bohstedt and Hart (1), Bechdel, Landsburg and 
Hill (2), Huffman (3), and by unpublished work of Cullickson (4) in 
which experimental “rickets” developed when vitamin D was withheld 
and disappeared when this factor Max added to the ration. Rupel, Boh- 
stedt and Hart (1), and Bechdel, Landsburg and Hill (2) have reported 
an increased ash percentage in certain representative bones, and an im- 
provement in the concentration of calcium and inorganic phosphorus in 
the blood plasma following vitamin D therapy of animals suffering from 
experimental “rickets,” which gives indirect evidence of a beneficial effect 
of vitamin D on the calcium and phosphorus retention, but studies to 
directly measure this relationship have not been made. 

EX PER I M E N T AL M ETllODS 

Ten-day mineral balance trials Mere employed for directly measuring 
the calcium and phosphorus retention. The mineral retention of normal 
calves was obtained first to be used for comparative purposes. Young, 
growing calves Mere then placed on basal experimental rations relatively 
low in calcium and phosphorus content, and deficient in vitamin D. 
Prairie hay was used as roughage for one group, and beet pulp for the 
other. The concentrates included corn, corn gluten meal, oats, corn 
starch, and a little wheat bran. For some animals the basal rations were 
supplemented with calcium, as calcium carbonate, and/or phosphorus, as 
monobasic sodium phosphate, and/or vitamin D, as viosterol (250 D), or 
sunshine. Balance trials were run periodically to follow any changes and 
to note the effect of the various experimental schedules on the calcium 
and phosphorus retention of the calves. On all calves that developed a 
vitamin D deficiency as indicated by a rachitic syndrome and a subnormal 
concentration of calcium and inorganic phosphorus in the blood plasma, 

Received for publication October 3, 1934. 

a The data presented are taken from the thesis by G. Carroll Wallis in partial 
fulfillment of the requirements for the degree of Ph.T)., University of Minnesota, 1934. 
The problem was suggested by the late I)r. C. H. Eckles who acted as advisor during 
the first part of the work. Published with the approval of the Director as Paper 1308, 
Journal Series, Minnesota Agricultural Experiment Station. 
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particular attention was paid to obtain a balance trial while the calf was 
still -eating well, but after the deficiency was well established. Vitamin D 
was then added to the ration, and after the lapse of a reasonable length 
of time, another trial was run. 

Except when the experimental schedule required exposure to sunshine 
the animals were kept indoors in box stalls. A large indoor pen was 
available for additional exercise. Feeding was done individually and an 
accurate record kept of actual consumption. All feeds were analyzed for 
nutrient and calcium and phosphorus content before they were included 
in the ration. Weights and measurements of height at withers were taken 
periodically and the rations adjusted at 30-day intervals to furnish some- 
what more than the nutrient requirements for growth given by the Min- 
nesota Standard published by Eckles and Gulliekson (5). The total 
calcium and inorganic phosphorus content of the blood plasma were deter- 
mined from successive 3-day composite samples at least once every thirty 
days. 

Standard methods were followed in conducting the balance trials. In 
order to accommodate steers in the metabolism stall special equipment was 
designed, 2 as show r n in plate I. A heavy rubber funnel was made from a 



Plate I 


E 201 in metabolism stall showing special equipment designed for collecting , urine 
in balance trials. 

8 Credit is due Mr. M. E. Mattison, Curator of the Biochemistry Division, far 
assisting in designing and making this device. 
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large automobile inner tube. The top was clamped between two tape- 
covered metal rings which were then bolted together and bent somewhat to 
conform to the contour of the animal’s body. The funnel opening* was 
held in place over the opening of the animal ’s sheath by straps around the 
body. A small-bore, heavy- walled rubber tubing connected to a stopcock 
cemented into the lower end of the funnel, served to conduct the urine to 
the collecting pan. The calcium and phosphorus analyses of the excreta 
and feedstuffs were carried out by the methods of Morris, Nelson, and 
Palmer (6). 

Vitamin D assays using rats were made on the two lots of prairie hay 
and the beet pulp used in the calf feeding work. The method followed 
was that given in U.S.P. X Interim revision for the assay of cod liver oil 
for vitamin D. 

OBSERVATIONS 

The calcium and phosphorus retention of normal calves : Three Hol- 
stein calves, E-180, E-183, and 436 and one Jersey calf, E-181 were used 
in this work. The ration included prairie hay and a concentrate mixture 
composed of the common grains and grain by-products. The calves had 
been exposed to sunshine during the summer and otherwise cared for in 
the customary manner. They appeared normal and showed a normal con- 
centration of calcium and inorganic phosphorus in the blood plasma. 
During the balance trials the animals were exposed to sunshine on favor- 
able days. As shown in table 1, these calves, seven to nine months of age, 
retained an average of 4.17 grams of calcium and 2.61 grams of phos- 
phorus daily. 

Experiments using hay as roughage: As soon as the balance trials 
under normal conditions had been completed, these calves and E-182, a 
grade Holstein, were started on their respective experimental schedules. 
All the animals were given an allowance of prairie hay which represented 
about the amount they would consume ad libitum. E-180, E-181, and 
E-182 ran parallel on a basal ration adjusted to furnish 30 grams of 
calcium and 15 grams of phosphorus daily per 1000 pounds of live weight. 
E-180 was kept indoors, E-181 was allowed sunshine exposure on favor- 
able days, E-182 was kept indoors but given a vitamin D supplement of 
2 cc, of viosterol (250 D) daily. E-183 and 436 were paired on a similar 
basal ration but with the phosphorus intake increased to 30 grams daily 
per 1000 pounds of live weight. E-183 was kept indoors while 436 
received sunshine exposure. 

After about three months on the experimental program, a series of 
balance trials were run to note any possible effect of the various proce- 
dures on the retention of calcium and phosphorus although none of the 
animals were showing manifestations of a vitamin D deficiency. The 
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results of these trials given in table 2 show essentially normal retentions 
of calcium and phosphorus for all the calves. The viosterol supplement 
of E-182 had not increased her mineral retention above that of E-180, 
neither had the sunshine exposure of 436 made possible larger retentions 
for this aniaml than for E-183. Likewise the increased phosphorus in- 
take of E-183 and 436 had not brought about an increased retention of 
this element as compared with that of E-180 and E-182. As all of these 
animals continued through the winter in essentially normal condition no 
further balance trials were conducted on this group. 

The results obtained with E-169 and E-170, grade Holstein females, 
are also given in table 2. These animals were available from another 
experiment in which they had developed a rachitic syndrome on a low- 
calcium-low-phosphorus ration under indoor conditions. E-169 had been 
growing vigorously throughout the summer after receiving a viosterol 
supplement with no further change in her experimental schedule. E-170 
had shown slow but persistent improvement after the addition of CaCO A 
to her ration. Both animals were receiving prairie hay. The results from 
the first balance trial with each animal indicate that the viosterol was 
enabling E-169 to retain adequate amounts of calcium and phosphorus 
from her limited intake, and that E-170 was retaining adequate amounts 
by virtue of the increased calcium intake without additional vitamin D. 
The viosterol was now removed from the ration of E-169 and added to 
that of E-170 at the rate of 5 cc. daily. After seventeen days, balance 
trials were again run. E-169 was still retaining approximately the same 
amount of calcium and phosphorus. The added viosterol had not im- 
proved the mineral retention of E-170, in fact, it was somewhat less but 
still within the limits of variations reported for normal animals. 

The results of the balance trials run on this group of calves receiving 
hay as roughage are essentially normal in all cases. None of the calves 
showed the characteristic symptoms of a vitamin D deficiency. As E-180 
and E-183 were on the basal schedule without additional vitamin D for 
six to seven months it would seem that a reasonable length of time had 
elapsed in which to deplete the possible vitamin D stores of a young calf 
at weaning time, hence it seemed more likely that all the animals were 
getting this factor from some other source. In view of the fact that 
several investigators have found a varying, yet appreciable, amount of 
vitamin D in different kinds of hay, it seemed that the prairie hay was the 
most likely source of an appreciable amount of this factor in the experi- 
mental schedule of the control calves on the basal ration. To check this 
point with approved methods, the prairie hays and beet pulp used as 
roughage were subjected to vitamin D assays by use of laboratory animals. 
Both lots of prairie hay were found to carry appreciable amounts of 
vitamin D which affords a logical explanation for the essentially normal 
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condition and normal mineral retentions of the calves on the basal ration 
and the lack of any appreciable differences in the retentions of those 
getting varying amounts of vitamin D supplements from different sources. 

The vitamin D assays with laboratory animals were designed to be 
qualitative rather than quantitative. Preliminary tests indicated that 
rats would readily consume the test diets containing 45 per cent of 
powdered prairie hay and 25 per cent of beet pulp which corresponded to 
the levels of these materials in the calf rations. The calcium/phosphorus 
ratio of the raehitogenie diet was changed but slightly when the test mate- 
rials were added, the tendency being for a wider ratio. 

The results of the line test assays carried out according to the require- 
ments of the TT.S.P. X Interim revision of the assay of cod liver oil for 
vitamin D are shown in table 3. 


TABLE 3 

The results of vitamin D assays by laboratory animals , shomng the food intalce and the 
degree of heahvg for the various test materials 


TEST MATERIAL 

AMOUNT 
IN DIET 

NUMBER 
OP RATS 

AVEllACK 

Rnrliito- 

genic 

period 

I DAILY FOOD INTAKE 

| Assay period 

AVERAGE 
. DEGREE 

OF HEALING 

Test 

diet 

Latent 
Raehito- 
genie diet 


per cent 


gms. 

gms . 

gms. 


Prairie Hay — Lot 45 

45 

12 

0.6 j 

9.8 

8.4 

1.46 

Prairie Hay — Lot 45 

30 

4 

5.9 

8.3 

7.1 

0.75 

Prairie Hay — Lot 45 

15 

4 

5.9 

7.8 

7.2 

0.00 

Prairie Hay — Lot 55 

45 

13 

6.0 

8.5 

8.5 

2.38 

Beet Pulp — Lot 7 

25 

5 

5.3 

6.0 

6.7 

0.00 

Rickets Diet — 21 day ! 







controls 


2 

5.9 



Wide 







Metaphyses 

Rickets Diet — 31 day 







controls 


2 j 

6.3 


6.5 

Wide 







Metaphyses 


i The line tests were assigned values of 0, -f, -H~, etc., and the numerical value of 
pluses averaged to give the data in this column. 


Experiments using beet pulp as roughage; The animals used in this 
experiment were E-201, a grade Shorthorn steer about one year old, re- 
ceived from a farm in a vitamin D deficient condition; E-185, a grade 
Guernsey female thirteen months old; and E-194, a purebred Holstein, 
eleven months old. 

After being received from the farm, E-201 was maintained for about 
six weeks under indoor conditions on a diet similar to that received on the 
farm. This included two pounds of prairie hay daily and a grain mixture 
composed of corn, oats, and corn gluten meal. The calf was then in excel- 
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lent experimental condition for determining the calcium and phosphorus 
retention of a growing animal suffering from a vitamin D deficiency. The 
deficiency was evidenced by his rachitic-like condition and the low concen- 
tration of calcium and inorganic phosphorus in the blood plasma as noted 
in table 4, the first balance trial for E-201. After this trial the ration 
remained the same except for the addition of 5 cc. of viosterol (250 D) 
daily. The response to this treatment was prompt and marked. The blood 
picture was normal within three weeks, the stiffness had largely disap- 
peared, the animal was more alert and active, and the appetite w 7 as improv- 
ing. At the end of four w r eeks he was placed on a balance trial again to 
ascertain the nature of the calcium and phosphorus retention on the same 
mineral level but with the animal rapidly approaching a normal condition 
following the vitamin D therapy. The improvement in calcium retention 
from 1.44 grams to 6.82 grams daily w T as nearly five-fold, while the increase 
in phosphorus retention from 1.10 grams to 2.68 grams daily w r as slightly 
less than three fold. 

Shortly after the completion of this second trial observations indicated 
that the animal w r as apparently normal, w r hereupon the viosterol was re- 
moved from the ration, the experimental schedule otherwise being continued 
as before. There was a steady decline in the blood plasma calcium from 
30.15 to 6.12 mgm., per 100 cc. and in inorganic phosphorus from 8.26 to 
5.05 mgm., during the next three and one-lialf months, at which time the 
other rachitic-like symptoms began to* appear. These observations indi- 
cated that body stores of vitamin D, and/or calcium and phosphorus had 
been depleted and the animal was again in a vitamin D deficient condition. 
At this time a third balance trial was run, followed by a fourth about five 
weeks after the ration had been again supplemented with 5 cc. of viosterol. 
As noted in table 4, the increase in calcium and phosphorus retention was 
even more striking than before and serves to indicate the important role 
played by vitamin D in promoting the mineral retention of vitamin D 
deficient calves. 

It is conceivable that the level of mineral intake may influence the effect 
of vitamin D on mineral retention. E-185 and E-194 developed a severe 
rachitic-like condition on a ration of beet pulp and grain mixture furnish- 
ing a very limited calcium intake. A slight temporary improvement in the 
blood plasma calcium resulted when a CaCO* supplement was added to 
bring the intake of E-185 to 40 grams daily and E-194 to 50 grams daily. 
By the end of a month it was declining again and the physical condition 
was very poor. E-185 was showing considerable anorexia, and E-194 was 
also slightly off feed so that the mineral intake indicated in the balance 
trials run at this time is somewhat lower than the prescribed amounts pre- 
viously consumed. The results are shown in table 4 as the first balance 
trial for each animal, respectively. The inability of vitamin D deficient 
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calves to make normal mineral retention on rations supplying an abundance 
of calcium and normal phosphorus is indicated by tbe fact that E-185 was 
in negative calcium and phosphorus balance while E-194 was slightly better 
than in equilibrium. 

A second balance trial was run on each animal after the ration had been 
supplemented for some time with viosterol. Under the influence of the 
added vitamin D both animals now showed very satisfactory positive bal- 
ances of both calcium and phosphorus, as may be noted in the second trial 
for each animal as recorded in table 4. 

Although the appetites were now good, the nutrient and mineral intake 
of E-185 was held down to the same amount that she consumed on the pre- 
vious trial, but for unavoidable reasons the mineral intake, especially the 
calcium, was somewhat larger for E-194 in the second trial than in the first. 
However, the calcium intake of E-194 was liberal, and more than sufficient 
in both trials so that the variation undoubtedly does not introduce any 
appreciable difficulty in interpreting the results. The increase in the 
calcium intake was approximately 100 grams for the 10-day period, while 
the increase in retention was about 102 grams. The tendency is for the 
percentage of mineral retention to decrease with an increase in the intake, 
but even by assuming that the retention of the extra 100 grams of calcium 
in the second trial would have been at the same rate as in the first trial 
there would have been an increase of only about 5.81 grams in the second 
trial without the added vitamin D. The fact that over 100 grams of extra 
calcium were retained in the second trial indicates clearly the beneficial 
effect of the added vitamin D. 

The results secured with E-185 and E-194 substantiated the observa- 
tions already made on E-201 and indicate that a liberal calcium intake will 
not suffice to promote adequate mineral retention in calves suffering from a 
vitamin D deficiency. 

The relation of vitamin D to aphosphorosis: Two grade Holstein females, 
E-187 and E-190, twelve and ten months of age, respectively, were used in 
an attempt to study the effect of vitamin D on the mineral retention of 
calves suffering from aphosphorosis. The basal ration furnished liberal 
calcium but a restricted amount of phosphorous, and was typical of those 
upon which aphosphorosis develops except that vitamin D-free beet pulp 
was substituted for the usual hay roughage and the calves were kept in- 
doors. By the end of two months it began to appear that uncomplicated 
aphosphorosis could be obtained only in the presence of at least some vita- 
min D. The blood plasma calcium as well as the inorganic phosphorus 
began to decline and the physical condition more nearly resembled that of 
the rachitic syndrome than simple aphosphorosis. There was no evidence 
of pica. The onset of physical disturbances was rather sudden and severe 
with E-190 so that she had to be dropped from the experiment. A balance 
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trial was run on E-187 although her condition was not that of simple 
aphosphorosis. The results of this trial on the basal ration are shown in 
table 5. The mineral retention is about what might be expected for a mildly 
rachitic animal. 

A second trial w T as run about a week after a supplement of monobasic 
sodium phosphate had been added to her ration, to study the effect of added 
phosphorus on the calcium and phosphorus retention of vitamin D deficient 
animals, and to learn the nature of the mineral retention of such animals 
receiving a liberal intake of both calcium and phosphorus. The animal be- 
came worse rapidly and w T ent off feed so badly that a satisfactory balance 
trial to indicate the effect of added phosphorus was not obtained. The 
results of the trial are shown in table 5. The fact that a severe breakdown 
seemed to be hastened would indicate that the effect undoubtedly was not 
very favorable. 

The phosphorus supplement was now removed from her ration and vio- 
sterol added. As the animal was nearing recovery a third balance trial 
was run with the ration adjusted to duplicate that of the first trial except 
for the added viosterol. The results given in table 5 show a considerable 
improvement in both the calcium and phosphorus retention over that ob- 
tained when the animal was mildly deficient in vitamin D and thus sub- 
stantiate the previous observations as to the favorable effect of vitamin D. 

DISCUSSION 

The favorable effect of vitamin D on the calcium and phosphorus reten- 
tion of calves suffering from a vitamin D deficiency is strikingly shown by 
the results obtained with E-201, E-185, and E-194. The vitamin D defi- 
ciency of these animals was indicated by subnormal concentrations of cal- 
cium and inorganic .phosphorus in the blood plasma, stiffness, bending of 
the knees, swelling of the knee, hock and pastern joints, humping of the 
back, and often some inanition. As shown in table 6, the average daily 


table c 

The calcmm and phosphorus retention of calves before and after vitamin D 

administration 


ANIMAL NUMBER 

MINERAL BALANCE (TEN-DAT PERIOD) 

j Before feeding viosterol | 

| After feeding viosterol 

Ca ! 

P 

Ca | 

P 


ft ms. 

pm s. 

gms. 

gms . 

E-201 . 

+ 14.4 

+ 11.0 

+ 68.2 

+ 26.8 

E-201 . 

+ 6.1 

+ 5.7 

+ 52.8 

+ 23.4 

E-185 ... 

-20.8 

-10.3 

+ 56.4 

+ 37.4 

E-194 

+ 20.7 

+ 3.2 

+ 122,4 

+ 39.8 

Average (10-day period) . 

+ 5.1 

+ 2.4 

+ 74.9 

+ 26.8 

Daily average 

+ 0.51 

+ 0.24 

+ 7.49 

+ 2.68 


CALCIUM AND PHOSPITORUS RETENTION IN CATTLE 


225 


retention of these calves at an age when bone mineralization should have 
been progressing rapidly was only 0.51 grams of calcium and 0.24 grams 
of phosphorus. When viosterol was added to supply vitamin 1), and with- 
out any other appreciable change in the ration, there was a marked increase 
in the calcium and phosphorus retention in every case, the daily average 
now being 7.49 grams of calcium and 2.68 grams of phosphorus. These 
amounts represent essentially normal retentions. The increase brought 
about by the vitamin I) administration in from three to seven weeks was 
approximately fourteen-fold for calcium and eleven-fold for phosphorus. 
Coincident with the marked improvement in the mineral retention there 
was a prompt return of the calcium and inorganic phosphorus of the blood 
plasma to normal concentrations, and a corresponding improvement in the 
physical well-being of the calf. With such decided and consistent results 
there can be no doubt of the important role played by vitamin D in pro- 
moting the retention and utilization of calcium and phosphorus by calves 
under these conditions. 

Increasing the mineral content of the ration of vitamin D deficient calves 
had no such favorable influence on the mineral retention. Increasing the 
calcium intake of E-185 and E-194 to 40--50 grams daily failed to pro- 
mote adequate mineral retention, in fact, E-185 was in negative balance. 
Although the evidence for the effect of added phosphorus in the oaM* of 
E-187 is not as conclusive, the fact that adding a liberal amount of phos- 
phorus to the ration of this animal suffering from a mild vitamin D defi- 
ciency did not prevent, and may even have hastened, a severe breakdown 
so that a satisfactory balance trial could not be obtained would cast consid- 
erable doubt on the possibility of any beneficial effects of the added phos- 
phorus 

Further informtaion on the mineral retention of normal growing calves 
is also afforded. Data for the mineral retention of four normal calves, 
seven to ten months of age, have been given in table 1. A*> the calves in 

the experimental group receiving prairie hay as roughage completed the 
experiment in essentially normal condition, and the rations were similar to 
those commonly fed in practise, it would seem that these results might also 
be considered as representative of essentially normal retentions. The data 
for this group have been given in table 2. When the results of the above 
two groups are averaged together, the grand average of all the balances 
with essentially normal calves shows an average daily retention of 6.42 
grains of calcium and 3.22 grams of phosphorus. These results corroborate 
the work of Lindsey, Archibald, and Nelson (7), who obtained normal reten- 
tions of 7.74 grama of calcium and 3.52 grams of phosphorus daily for a 
high calcium group and 4.45 grams of calcium and 2.15 grams of phos- 
phorus daily for a low calcium group. 

The average normal daily retention of 6.42 grams of calcium and 3.22 



226 


G. CARROLL WALLIS* L. S. PALMER AND T. W. GULLICKSON 


grams of phosphorus obtained in this work is almost exactly in a two to one 
ratio irrespective of the varying amounts in the ration fed. This closely 
approximates the ratio of these two elements in the bodies of growing and 
mature cattle. Lindsay, Archibald, and Nelson (7) noted the same rela- 
tionship in their work with normal animals. It is of interest to note that 
in this work the slight average daily positive balances of 0.51 grams of 
calcium and 0.24 grams of phosphorus shown by the rachitic calves are also 
in an approximately two to one ratio. Also, that the loss of calcium and 
phosphorus in the case of E-185 showed this ratio. Such observations indi- 
cate an ultimate interdependence between the two elements and suggest that 
a deficiency in one might be responsible for a lack of retention of the other. 

The fact that the calves receiving prairie hay as roughage continued 
throughout the experiment in an apparently normal condition irrespective 
of whether or not they received any vitamin D supplement, whereas those 
on a similar or even higher mineral intake but receiving beet pulp soon 
showed symptoms of a vitamin D deficiency, indicates that the prairie hay 
undoubtedly carried an adequate amount of the antirachitic factor, w T hile 
the beet pulp contributed very little, if any. The vitamin D assays with 
laboratory animals furnished corroborative and conclusive evidence on the 
above points. When the two lots of prairie hay were fed to rachitic rats 
definite healing was obtained, although it was more pronounced for one lot 
than for the other. No signs of healing were evidenced when the beet pulp 
was fed. 

The assays furnish a basis for estimating the amount of vitamin D sup- 
plied the calves by the hay contained in their rations. Rough calculations 
indicate that the average hay allowance supplied the calves with approxi- 
mately 135 Steenbock units of vitamin D daily, which served to protect 
the calves from developing the rachitic-like syndrome on the level of mineral 
intake furnished by these rations. Just how much less may have sufficed 
to protect the animals can not be determined from these observations. 
These estimations indicate that the vitamin D requirement of this species 
is relatively small as compared with the requirement of infants as recently 
reported by Hess and Lewis (8), while the fact that an increased mineral 
intake and changes in the calcium/phosphorus ratio failed to protect the 
calves or initiate appreciable healing suggests the possibility that calves are 
less independent of vitamin D than the rat. 

Some suggestions as to the amount and length of storage of vitamin D 
(by calves are also indicated by the results obtained. The viosterol fed to 
the calves as a therapeutic agent supplied roughly 15,000 Steenbock units 
daily, which is over 100 times the amount furnished by the hay. The exact 
amount which would have proved sufficient is not known but if the vitamin 
D in the viosterol had been used efficiently and the excess stored, the animals 
should have accumulated sufficient for protection for a comparatively Jong 
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period of time. When the viosterol was removed from the ration of E-201 
after the second balance trial the previous stores of vitamin D made during 
two and one-half months of viosterol feeding were depleted in about three 
and one-half months, as evidenced by his physical condition and the low 
concentration of calcium and inorganic phosphorus in the blood plasma. 
The time interval would undoubtedly have been shortened had the tw r o 
pounds of prairie hay allowed part of the time been replaced with beet pulp 
ail of the time. These observations suggest several possibilities. For in- 
stance, the vitamin D in irradiated ergosterol may not be the most effective 
for this species so that the excess available for storage was small, or it may 
lie inefficiently absorbed, or if absorbed, it may be reexcreted. It is also 
possible that the calf has only limited ability for storing vitamin D at best. 
The observations on these points are very meager and the possibilities men- 
tioned are made merely as suggestions. The results do indicate, however, 
that a young growing calf may make a storage of vitamin D under favorable 
circumstances which may be used as a protection against a deficiency of this 
factor for a varying length of time under adverse conditions. 

CONCLUSIONS 

The following conclusions may be drawrn from the results of this inves- 
tigation, 

1. The calcium and phosphorus retention of vitamin D deficient calves 
is very markedly improved by the administration of vitamin D. The aver- 
age calcium retention may be increased fourteen-fold and the phosphorus 
retention eleven-fold by vitamin D therapy. 

2. Increasing the mineral content of the ration of vitamin D deficient 
calves has no favorable influence on the mineral retention. 

3. Based on the limited evidence obtained, the average daily retention 
of normal calves approximated 6.50 grams of calcium and 3.25 grams of 
phosphorus. 

4. Judging from the results of this experiment, calcium and phosphorus 
are retained by normal calves in approximately a two to one ratio regardless 
of variations in the mineral content of the ration. The statement is equally 
true for the small average daily retentions made by calves suffering from a 
vitamin D deficiency. These observations indicate an ultimate interrela- 
tionship between these two elements and suggest that a shortage of either 
one in the ration might act as a limiting factor in the retention of the other. 

5. Prairie hay may carry appreciable amounts of vitamin D. Beet 
pulp, on the other hand, probably possesses very little, if any, antirachitic 
potency. 

6. A young growing calf may store vitamin D under favorable condi- 
tions to he used as a protection against a deficiency of this factor for a vary- 
ing length of time under adverse conditions. 
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7. Uncomplicated aphosphorosis does not develop when all sources of 
appreciable amounts of vitamin D are eliminated from rations otherwise 
similar to those which ordinarily bring about this condition. 

8. Vitamin D acts to improve the mineral retention of calves suffering 
from a rachitic-like syndrome within at least three to seven weeks after its 
administration. 
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EFFECT OF HEATING MILK ON THE TIME WHICH THE CURDS 
REMAIN IN THE ABOMASUM OF CALVES* 

F. N. MOBTENSON, D. L. ESPE, and C. Y. CANNON 
Iowa State College, Ames, Iowa 

Soon after coagulation of milk in the stomach the whey begins to 
separate from the curd. Syneresis of the eoagulum, assisted by the peri- 
staltic movements of the stomach, caused the curd to become firmer in 
texture for some time after the clot has formed. The abomasum of the 
sucking calf is rarely if ever empty of these curds. As the calf matures, 
however, and is forced to drink milk from a pail sufficient dilution of the 
milk sometimes occurs to prevent coagulation. In every ease where the milk 
passes into the rumen on its way through the stomach the strength of the 
clot is diminished by dilution with the ingesta present there. 

The normal healthy calf is physiologically adapted to take care of the 
curd formed regardless of its tenacity. Clast rie juice continues to be 
secreted for a sufficient length of time to dissolve the nutrients from the 
eoagulum needed for maintenance and growth. When digestion is nearly 
completed the flow of the digestive juices is retarded sufficiently to avoid 
wastage. But under abnormal conditions such as disease, the body func- 
tions are impaired. One of the first symptoms of a depressed condition is 
a diminution in gastric secretion. Necessarily, the food should be more 
digestible fit such times. Earlier work (3), (5) has shown that soft curd 
milk is more digestible than hard curd milk. Brenneman (1), Wallen- 
Lawrenee and Koch (6) have found that heating milk makes it more 
digestible. 

These two viewpoints left the question unsettled as to just what relation 
heating bore to curd tension. If heating did reduce curd tension it was 
desirable to find out whether this artificial method of changing the tough- 
ness of the curd affected its rate of passage through the stomach in the same 
way as natural soft curd milk. Besides making these general applications 
we especially wanted to know the reaction of the calf’s digestive system 
to heated milk. 

EXPERIMENTAL 

Calves with gastric fistulas were used for these trials. The day before 
each trial was started the rumen of the calf to be used was emptied manu- 
ally. Muzzles were then put on the calves and all feed withheld for 12 to 
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18 hours preceding the test. At least one hour before the trial the rumen 
was washed several times with warm water until the washings were clear. 
The abomasum was palpated with the fingers to make certain that it was 
also empty. A stomach tube one-quarter inch in diameter was then inserted 
into the abomasum by way of the gastric fistula through the reticulo-omasal 
orifice. The external end of the tube was threaded through the plug used 
to close the fistula and the plug replaced in the fistula opening. This was 
done to minimize moisture and heat loss from the rumen. 

Two liters of warm milk were then fed through the stomach tube which 
remained in place throughout the entire trial. Periodically, after feeding, 
milk was withdrawn from the stomach through this tube into a glass 
syringe for observation in order to determine the coagulation time of the 
milk. As soon as the milk had started to whey off, a sample of the gastric 
juice-whey mixture was drawn for analysis. Subsequent samples of juice 
were drawn at hourly intervals from the time of feeding. 

These samples were tested for hydrogen-ion concentration, free acidity, 
and total acidity. An attempt was also made to test the peptic activity of 
the juice, but though two methods were tried each of which gave good results 
with artificial gastric juice, the results were unsatisfactory with the juice 
from calves. The milk may have modified the gastric juice so as to inter- 
fere with the tests. Probably the pepsin of the gastric juice was adsorbed 
to the casein. 

Curd tensions on all milk fed were obtained before and after heat treat- 
ment by a modification of the Hill method (5). The principal difference 
in the curd test used and that described by Hill was that the authors used 
commercial rennin instead of pepsin and calcium chloride as the coagu- 
lant and that a series of tests were made at two-minute intervals after 
coagulation. 

Milk treated in the following ways was tested for curd tension. 

1. Untreated. 

2. Boiled for 3 minutes on an oil bath. 

3. Heated in an autoclave at 242° F. for 15 minutes. 

4. Pasteurized in a vat pasteurizer at 142° F. for 30 minutes. 

5. Condensed (plain). This milk wa s heated to 180° F. during the 
condensing process. 

RESULTS 

Typical results of heat treatment on milk are shown in table 1. It will 
be noted that boiling for three minutes on an oil bath lowered the curd 
tension in sample 1 to about one-fourth that of the original raw state. In 
sample 2 there is an even greater difference between the curd tensions of 
raw and boiled milk. In this case the curd of the boiled milk was very 
flocculent and when poured from the container broke easily into small 
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TABLE 1 

Typical results of the effect of heat on the curd tension of skim milk 



CURD TENSION IN DRAMS* 

COAOULATION 

j SAMPLE 1 

I SAMPLE 2 

| SAMPLE 3 

SAMPLE 4 

TIME** 

(MINUTES) 

i 

t 

j Raw 

1 

Boiled 

Auto 
chived 
242“ F 

Raw 

Boiled 

Raw 

Pas* 

teur 

used 

I’lnin Con 
densed 

1 80® F 
(re-diluted) 

10 

1 70 

19 

o 

54 

3 

72 

46 

8 

13 i 

74 

22 

0 

58 

6 

83 

49 

16 

16 


20 

0 

48 

4 

85 

65 

13 

19 

76 

22 

0 

60 

6 

92 

62 

9 

22 

80 

36 

0 

04 

1 o 


70 

15 

25 

83 

38 

0 

67 

o 

98 

78 

12 

28 

65 


! o 

49 

■ 

93 

70 

17 

31 


; i 

1 0 





33 


* Sample 3 was mixed milk from six rows m the Collogc dairy herd. This milk was 
used in the digestion experiments. Samples 2, 3 and 4 weie obtained from different 
sources 

** Elapsed time between the introduction of the coagulant and the curd tension 
reading. 

pieces. Heating to 242° F. in an autoclave for 15 minutes lowered tlie 
curd tension to a point where it could not be measured with curd knives. 
Pasteurizing in a vat pasteurizer for 30 minutes at a temperature of 142° F. 
reduced the tension of the curd about 20 per cent. 

Plain condensed skim milk which had been heated during the condensing 
process to 180° F. was tested for curd tension after being rediluted to the 
specific gravity of raw milk. Heating at this temperature had not reduced 
the curd to as friable a texture as that of the milk which had been auto- 
claved at 242° F. The curd tension of the rediluted plain condensed skim 
milk was less than that of boiled milk in sample t and more than that of 
boiled milk in sample 2. Pasteurizing milk at 142° F. for one-half hour 
markedly reduced the curd tension of hard curd milk. 

According to Hill (5) pre-heating to 114° F. affected the curd tension 
only slightly. Heating to 197° F. reduced the curd tension to less than 
one- third of the original curd tension of the milk. When diluted, sterilized 
evaporated milk had a curd tension only about one-tenth that of the original 
milk. From Hill's studies it is plainly evident that heat reduced the curd 
tension, especially when the temperature reaches 180° F. or above. 

EFFECT OF HEAT TREATMENT UPON THE TOTAL TIME MILK REMAINS 
IN THE ABOMASUM OF CALVES DURING DIGESTION 

A total of thirty-two samples (two liters each) of raw, pasteurized, 
boiled and autoclaved milk were used in these trials. The results are shown 
in figure 1. At first the evacuation time was determined by palpation of 
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the stomach contents by passing the hand through the fistula opening and 
then further inserting two fingers into the abomasum. Later with experi- 
ence it became possible to estimate the length of the digestion period with 
a fair degree of accuracy by palpating the abomasum through the medial 
wall of the rumen. However, the curd which remained after the trial was 
considered complete was removed and its dry weight determined. 



Pig. 1. Evacuation Time of Stomach Wiien Calves Wekf Fed Two Liters of Skim- 
milk. End of Digestion Determined by Palpation through Fistula. 

It is evident from figure 1 that a longer time is required for the lique- 
faction and removal (through the pylorus) of raw milk than boiled or auto- 
claved milk. Only one trial on pasteurized milk was carried to completion. 
This test very closely resembled those on raw milk. Boiling and autoclaving 
milk seem to affect its rate of evacuation from the stomach in much the 
same way. Both of these methods of heat treatment shortened the evacua- 
tion time from that required by either raw or pasteurized milk. The results 
of the 12 trials carried out with autoclaved milk are much alike, the 
emptying time of the stomach varying in length from eight hours to twelve 
hours. The trials with boiled and raw milk were rather uniform except 
in one case with boiled and two with raw milk which show the influence of 
the health of the calf on gastric response. These calves were apparently 
normal as judged by external appearances at the time of feeding. Most 
digestive disturbances, however, were followed by bowel disturbances, a 
few hours later. 
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The emptying time of the stomach usually varied with boiled milk from 
eight to twelve hours while raw milk required between twelve and eighteen 
hours. This was longer than was required in another series (4) in which 
only one liter of milk was used. 

In the course of these studies with fistula-calves it was discovered that 
the curd could be removed from the abomasum without “upsetting” the 
calf. When the curd was tough, large masses could frequently be with- 
drawn through the reticulo-omasal orifice without being torn apart. At 
times curd weighing as much as 75 grams was removed in one piece in this 
manner. Efforts were then made to trace the digestion of raw and boiled 
milk by removing the remainder of the test meal after varying periods of 
time. The weights of the dry curd are listed in table 2. 

TABLE 1? 

Dry weights of curds removed from the abomasum of two calves at varying intervals 
after feeding two liters of skim milk 


weights op curd in grams* 



RAW MILK 



! BOILED MILK 

3rd 

6th 

I 9th 

Kith j 

I 3rd 

Oth 

Hour 

Hour 

Hour 

Hour | 

! Hour 

Hour 

22.3 

23.8 

1 10.9 

9.7 

36.7 

23.4** 

30.2 

30.1 

' 10.9 


38.4** 

25.3 

30.6 


15.8 


40.9 

26.0 

38.0 : 

j 

24.9 


43.9** 

27.8** 

51.3** 




53.9** 


61.9** 






65.1** 


l 

i 

J 



Average 43.6 

26.9 

15.6 | 

9.7 j 

42.6 

25.6 


* Dried in oven at 75 to 85° C. until weight was constant. 

** These samples were siphoned out. after crumbling the curd with the fingers and 
pouring warm water into the abomasum. Siphoned samples are heavier as mucous and 
residual gastric juice are included. 

Although yielding information as to the amount of curd in the 
stomach at different intervals of time the figures should not. be taken as 
strictly comparable. The trials are too few in number and the curd was not 
always drawn in the same manner. Because the toughness of the curd in- 
creases as the digestion period progresses, it was easier to withdraw a 
sample which had been in the stomach nine hours than one which had been 
digesting three hours or even six hours. With proper care six hour samples 
could usually be removed in one or two pieces, and occasionally curd which 
had been digesting for only three hours could be removed almost intact. 
The curd from boiled milk crumbled in pieces if one attempted to withdraw 
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it after three hours. Occasionally the boiled milk curd broke up when 
handled after digesting six hours. The samples that crumbled too much 
were further triturated with the fingers until they were small enough to 
be siphoned out after pouring warm water into the abomasum. Nine hour 
weights on boiled milk are not included. Most samples had usually left 
the stomach at this time. 

The limited data indicate that both raw and boiled milk 4 i digest” at 
much the same rate during the first three to six hours. After this the boiled 
milk “digests” at a much faster rate. The optimum pH for peptic activity 
is not reached until about the fifth hour. Perhaps boiled milk is liquefied 
faster, once the pH of the stomach becomes optimum, because the curd is 
loose and more friable and permits easier penetration of the digestive fluid. 

The method of experimentation used is open to two criticisms: (1) the 
milk was not mixed with saliva as occurs in sucking or drinking and (2) the 
fistula may have modified the normal process of digestion. Neither criti- 
cism seems especially important to the authors in that the same technique 
was used in all trials. Besides, according to Dukes (2), the enzymatic 
action of the saliva of ruminants is relatively unimportant in predigesting 
proteins, fats and sugars. As to the effect of the fistula on digestion, the 



Fig. % Effect of Boiling Milk Upon the Total Acidity of the Gastric Juice* 
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acidity curves would indicate that normal physiological processes were 
occurring in the stomach. Any effect from moisture loss was reduced by 
replacement of the wooden plug in the fistula during the rial. 

EFFECT OF HEAT TREATMENT OF MILK UPON THE FREE ACID, TOTAL ACID AND 
HYDROGEN-ION CONCENTRATION IN THE STOMACH OF THE CALF 

Standard clinical methods were adopted in this experiment with calves. 
These methods were supplemented (a) by palpation through the fistula, and 
(b) by removing and weighing the curd at definite intervals after the feed- 
ing of the test meal. Part of the analyses during typical trials are shown 
in figures 2, 3 and 4 because they present interesting information concern- 
ing the physiology of digestion in calves. 



ion Concentration or Gastric Juice and Evacuation Time of Stomach. 


The results of feeding raw and boiled milk on the total acidity of the 
gastric juice in calf 47- A are shown in figure 2. It will be noticed that the 
curves for boiled milk are much the same. The peak in total acid is reached 
near the eighth hour. From then on the acidity drops rapidly until di- 
gestion is complete. Occasionally there are sharp rises as shown in curve 
No. 1 with boiled milk and curve No. 1 for raw milk. These fluctuations 
are due to some physiological stimulation beyond the control of the investi- 
gator. The curves on raw milk, although different, follow the curves for 
boiled milk until the eighth hour when the curves for raw milk tend to 
flatten out rather than drop abruptly. 

Data on free acid and hydrogen-ion concentration, as well as total 
acidity, are shown in figure 3. Again the form of the curves is much the 
same for raw and boiled milk except that the latter curves are steeper. 
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Time or Stomacii. 

These two tests (Fig. 3) were run on the same calf, 47-A, and were about 
six days apart. 

The results of two tests on pasteurized milk fed to calf 47-A are shown 
in figure 4. One test was discontinued at the end of 10 hours and the curd 
removed and weighed. The other tpst was terminated in 21 hours. A few 
grams of curd still remained. The tests are too few to be conclusive. How- 
ever, they indicate that pasteurized milk leaves the stomach in about the 
same time as raw milk. The acidity curves are much the same. Irregu- 
larities in the curves may be due to regurgitation of juices from the duo- 
denum. 

From the data which has been presented, and other incomplete trials, it 
seems that the acidity of the gastric juice is fairly uniform regardless of the 
processing of the milk. Of course the acidity curves vary but this is likely 
due to the individuality of the calf. Boiled milk and autoclaved milk leave 
the stomach faster than raw milk, not because the gastric juice varied in 
acidity when these milks were fed but more likely because the effect of heat 
lowers the curd tension and thus allows the gastric juice more curd surface 
to attack due to the presence of smaller curd masses. Raw milk coagulates 
in the abomasum of the calf in from one to ten minutes. Boiled milk 
usually requires about 8 minutes to show the first signs of flocculation and 
about 15 minutes to really whey off, The minimum time required to coagu- 
late boiled milk was 2 minutes. On the other hand one sample of boiled 
milk and one sample of autoclaved milk resembled a thick cream soup two 
hours after ingestion. 

One of the authors (F.N.M.) ran a series of trials on himself with aliquot 
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samples of raw and heat treated milk. Three hundred cubic centimeter 
portions were used for each trial. Results typical of those secured after 
drinking boiled milk were obtained when autoclaved milk was drunk. 
Though the emptying time of the stomach is shorter in the case of man than 
with calves the acidity curves obtained for each species follow the same gen- 
eral trend. The free and total acid seem to increase at about the same rate 
in all instances. But the more rapid drop in acidity in the case of the 
boiled milk would indicate that the heated milk is more easily liquefied, re- 
sulting in an early diminution in gastric secretion and rise in pH. 

SUMMARY 

1. Using a modification of the Hill technique it was found that boiling 
of skim milk for 3 minutes in an open container on an oil bath lowered the 
curd tension about 80 per cent. Pasteurizing skim milk at 142° F. for 30 
minutes in a vat pasteurizer reduced the curd tension about 20 per cent. 
Autoclaving at 242° F. for 15 minutes reduced the curd tension to zero. 
Plain condensed skim milk when diluted to the specific gravity of average 
skim milk gave a curd tension near that of boiled milk. 

2. The rate at which these milks leave the stomach was then studied by 
palpating the curd mass in the abomasum through the wall of the rumen. 
Two liters of raw skim milk usually left the abomasum in about 12 to 18 
hours when fed by stomach tube. The evacuation time of the same quan- 
tity of boiled milk was usually 8 to 12 hours. Equivalent amounts of boiled 
and autoclaved milk remained in the stomach about the same length of time. 

3. At varying intervals of time, curd was removed through a gastric 
fistula from the stomach of calves. The data indicate that equal amounts 
of raw and boiled milk are liquefied at much the same rate during the first 
3 to 6 hours. After this the boiled milk liquefies at a faster rate. 

4. Measurements of the total acid, free acid and hydrogen-ion concentra- 
tion were made upon the gastric contents of calves which had been fed test 
meals of equivalent quantities of raw and heat treated milk. Boiled milk 
and autoclaved milk leave the stomach more quickly than raw milk. This is 
not because the gastric juice varies in acidity when these milks were fed, 
but more likely because the effect of heat lowers the curd tension and thus 
permits the curd to break up more easily. The breaking up of the curd 
furnishes a greater surface for the gastric juice to attack. 

5* Raw milk coagulates in the stomach of the calf in from 1 to 10 min- 
utes. Boiled and autoclaved milk coagulate more slowly in the stomach — 
usually requiring 8 to 15 minutes. 

6. The variability of the results obtained with the same type of test meal 
fed under as nearly identical conditions as possible are probably due to 
fatigue, individuality and the state of health of the animal. 
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THE GERMICIDAL EFFICIENCY OF LYE AND CHLORINE 
SOLUTIONS FOR THE STERILIZATION OF MILK- 
ING MACHINES AND CREAM 
SEPARATORS 1 

A. O. FAY, W. J. CAULFIELD, and W. II. RIDDELL 
Kamas Agricultural Experiment Station, Manhattan, Kansas 

Introduction 

The wide-spread use of chlorine compounds and the more recent in- 
troduction of alkali compounds for the disinfection of dairy equipment 
present a question as to their relative efficiencies under dairy farm con- 
ditions. In tliis work an attempt has been made to compare the results 
obtained with lye (sodium hydroxide) and chlorine (sodium hypochlorite) 
solutions used in the sterilization of milking machines and cream sep- 
arators. 

Experiments with milking machines 

Procedure: To insure a high initial bacterial contamination, 3 gal- 
lons of skim milk heavily inoculated with Escherichia coli were drawn 
through each of 3 new milking machines. This was followed by 3 gallons 
of cold, water, after which the teat cups and tubes were left at room tem- 
perature for a period of 48 hours before exposure to one of the disinfectant 
solutions. 

The bacteriological condition of the respective milking machines before 
and after treatment with disinfectant solutions was determined by drawing 
3 liters of sterile water through each unit from a sterile, imitation udder 
made of tin. The plate count per ec. of this water was used as an index 
to the sanitary condition of the machine. 

Solution Pack Method. Sixteen trials were run in which the germi- 
cidal efficiencies of lye and chlorine solutions were compared. In each 
trial 3 solution racks w f cre used, the reservoirs of which contained water, 
lye solution, and chlorine solution, respectively. 

After samples had been taken for the purpose of determining the 
initial contamination, the teat cups were attached to the solution racks 
and filled with the respective solutions. At the end of 48 hours the solu- 
tions were drained from the teat cups and tubes, and the bacteriological 
condition of the machines determined. 

In 10 of the 16 trials comparisons were made between the germicidal 

l Contribution No. 157, Department of Bacteriology, and No. 96, Department of 
Dairy Husbandry. 
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efficiency of 0,5 per cent lye solution and chlorine solution containing 
approximately 200 parts per million (p.p.m.) available chlorine, and in 
the 6 remaining trials between 0.3 per cent lye solution and chlorine solu- 
tion containing 100 p.p.m. available chlorine. The results of these studies 
are summarized in table 1. 


TABLE i 

A comparison of the germicidal efficiency of lye and chlorine solutions when ustd with 
milking machines. (Solution rack method ) 



1 


OlMNKKrrANT ITHbli 




| Water 

I Lye 

| Chlorine 

Number of trials 

10 

6 

10 

6 

10 

6 

Initial concentration! 



0.510 

0.322 i 

198 

101 

Final concentration 



0.484 

0.284 

1.5 

0 

Per cent loss m concentration 



5,09 

11.8 

99 2 

100 

Initial bacterial count * 

119,862 

165,816 

363,030 

200,233 

152,925 

90,750 

Final bacterial counts 

Per cent increase or decrease 

768,300 

475,000 

2,098 

506 

1,133 

726 

m bacterial count 

4 540 

+ 186.4 

- 99.42 

- 99 74 

- 99 25 

- 99 19 


1 Concentrations of the lye solutions are expressed as percentage of sodium h> dioxide, 
and of the chlorine solutions as parts per million (p.pm.) of available chlorine The 
values given m the table arc averages of the results of all of the replicale experiments. 

2 The initial bacterial count was determined by making plate counts on 3 liters of 
water which had been passed through one of tlie contaminated machines before treat- 
ment The final bacterial count is represented by the plate count per cc of 3 liters of 
water which had been passed through the machine immediately atter treatment with 
disinfectant solution or with water m the case of the control. The bacterial counts, 
therefore, merely serve as arbitrary indexes of the sanitary condition of the machine 
before and after treatment. The values given in the table are averages of the results 
of all of the replicate experiments. 

The germ-killing efficiency of the chlorine solutions containing ap- 
proximately 100 and 200 p.p.m. available chlorine proved to be nearly as 
high as that of the lye solutions. Although the available chlorine was 
almost entirely depleted at the end of 48 hours, over 99 per cent of the 
bacteria had been destroyed in all cases. 

Immersion Method. Three 8-gallon crocks were filled with water, chlor- 
ine solution, and lye solution respectively. Except for the fact that the 
teat cups and tubes were immersed in the respective crocks, the procedure 
was identical with that in the preceding trials. In a series of 4 experi- 
ments it was found that the average germicidal efficiencies of the chlorine 
and lye solutions were 96.97 and 99.50 per cent, respectively. The bac- 
terial counts of the check machines, which were treated only with' water, 
showed an average increase of 135,9 per cent for the 4 experiments. 

At the conclusion of these trials the chlorine solutions, the average 



STERILIZATION OF MILKING MACHINES 


241 


initial concentration of which was 215 p.p.m., were completely depleted 
of chlorine. The lye solutions, on the other hand, decreased from an aver- 
age initial concentration of 0.52 to 0.43 per cent sodium hydroxide at the 
end of the experiments. 

The results of 6 subsequent experiments, carried out under dairy farm 
conditions, clearly demonstrated the loss in concentration of chlorine solu- 
tions when the immersion method w r as used. The chlorine solutions when 
placed in the crocks gave an average test of 195 p.p.m., and after 24 arid 
48 hours use only 98 and 38 p.p.m. , respectively. A 0.56 per cent lye 
solution under the same conditions contained 0.44 per cent sodium hy- 
droxide at the end of one w^eek. It is doubtful if the period of utility of 
chlorine solutions extends beyond 48 hours when the immersion method 
of sterilizing milking machine parts is used. 

Experiments with cream separators 

Procedure: Sterilized parts of the 3 separators were assembled and 
the machines uniformly contaminated with a mixed flora of microorganisms 
by pouring through 6 gallons of specially prepared skim milk. One of the 
separators was designated, for the purpose of a single experiment, as the 
check machine and was rinsed with 3 liters of sterile water. Bacterial 
plate counts on this water were accepted as a general index of the initial 
contamination of the separators. The other separators were then rinsed 
with 3 liters of one of the various concentrations of disinfectant solutions 
employed. After treatment, each separator, including the check machine, 
was flushed again with 3 liters of sterile water. The plate counts per cc. 
on these samples of water were used as relative indexes of the sterilizing 
action of the disinfecting solution employed, and, in the ease of the check 
machine, of the mechanical washing effect. Although the values given 
in the tables are averages of all of the replicate experiments, they reflect 
quite satisfactorily the general trend of the results of individual exper- 
iments. The concentrations of the various disinfectant solutions were 
determined before and after use. 

Comparison of lye ( 0.5 per cent) and chlorine {200 p.p.m.) solutions. 
It will be observed in table 2 that the lye solutions lost 14.72 per cent of 
their alkalinity, whereas the values for available chlorine decreased 58.13 
per cent. This loss in concentration of available chlorine should not be re- 
garded necessarily as detrimental, providing the solution was not so de- 
pleted that it had lost its germicidal power entirely. A chlorine solution 
for example which shows the same test before and after use apparently 
has yielded none of its chlorine to the process of disinfection. 

The reduction in bacterial count reflects some interesting points. Under 
the conditions imposed by the experimental procedure about 82 per cent 
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TABLE 2 

Comparison of lye (0.5 per cent) and chlorine ($00 v.p.m.) solutions for the 
stenlxedUon of cream separates 




1 1.1 E. 

rm oniNE, 


V ATER 

| APPROX I 

VPPKOX1 


MATE 1,1 

\IATKLY 



0 5 )*ER CENT 

200 V.P.M. 

Number of trials 

13 

> 12 

12 

Initial concentration* 

1 

i 

0.489 

203 

Final concentration 

1 

0417 

85 

Per cent loss in concentration 


14.72 

58.13 

Initial bacterial count* 

3,512,727 

3,512,727 

3,512,727 

Final bacterial count* 

044,000 

175,283 

19 

Per cent reduction in bacterial count 

81.06 

95 01 

99.99 


* Bee footnotes table 1. 

of the organisms were removed by water irrespective of the bactericidal 
power of the solution. The percentage of organisms removed mechanically, 
however, varies between wide extremes. Experiments not included in 
this paper were specially designed to evaluate this point. It was found 
that from 2 to 45* per cent of the organisms were removed by rinsing The 
significance of the 82 per cent reported in table 2 is subject to question 
The average bacterial count of the machines after they had been treated 
with 0.5 per cent lye was 175,283, whereas the machines treated with 
chlorine solutions containing 200 p.p.in. gave an average count of only 19. 
(The results of the individual experiments, not given in the table, show 
ttiat the machines treated with chlorine gave counts of 0 in 10 of the 12 
trials, whereas the machines treated with lye solution gave bacterial counts 
ranging from 2700 to 1,700,00 per ee,). 

The consistent failure of the 0.5 per cent lye solutions to sterilize the 
machine (bacterial count = 0 per cc.), and the consistently low bacterial 
counts obtained when the separators were treated with chlorine suggests 
that the rapidity of action of a disinfectant should be considered in select- 
ing a sterilizing agent for cream separators. The superiority of the chlor- 
ine may be due to a greater rapidity of action than that of the lye solutions. 

* The effect of various concentrations of chlorine disinfectant solutions . 
In 7 replicate experiments using 4 separators in each, comparisons were 
made of the relative germicidal properties of chlorine solutions containing 
approximately 200, 100, and 50 p.p.m. available chlorine. 

It will be observed in table 3 that the chlorine solutions originally 
testing approximately 200, 100, and 50 p.p.m. lost in concentration 53,96, 
58,42, and 82.00 per cent respectively, and further, that the per cent 
reductions in bacterial counts were 99.99, 99.89, and 97.70. The solutions 
originally testing 50 p.p.m. available chlorine were depleted during use 



STERILIZATION OF MILKING MACHINES 


243 


TABLE 3 

Comparison of chlorine solutions containing approximately 200, too, and 50 parts per 
million available chlorine for the sterilisation of cream separators 


' 

WATER 

j CHLORINE 

approxi- 

mately 

200 p.p m. 

approxi- 

mately 

100 p.p m 

approx! 

mutely 

50 p p.m 

Number of trials 

7 

7 

7 

7 

Initial concentration* 


202 

101 

50 

Final concentration* 


93 

42 

9 

Per cent loss in concentra- 





tion 


53.96 

58.42 

82.00 

Initial bacterial count* 

2,137,142 

2,137,142 

2,137,142 

2,137,14 

Final bacterial count* 

596,142 

9 

2,323 

49,01 

Per cent reduction in bac- 





terial count 

72.10 

99.99 

99.89 

97.70 


* See footnotes table 1. 


to a point of questionable germicidal value (9 p.p.ni.). The results of these 
experiments indicate that rinsing a separator with a chlorine solution 
testing approximately 200 p.p.ni. gives satisfactory results from the stand- 
point of the destruction of bacteria. The use of solutions originally con- 
taining 100 p.p.m. or Jess available chlorine is likely to lead to unsatisfac- 
tory results. 

The effect of various concentrations of lye solutions. In 8 replicate 
experiments comparisons were made of the relative germicidal properties 
of lye solutions originally testing approximately 1.00, 0.75, 0.50 per cent. 

The results showed the percentage loss of the original concentrations 
of these solutions to be 35.38, 9.33, and 17.31 respectively. The percentages 
of reduction in the bacterial counts were 99.45, 99.73, and 99.39 respec- 
tively. These results confirm the observations of Myers 1 and McCulloch 2 
who showed that the concentration of lye solutions (within certain 
limits) is not an important factor in its germicidal activity. 

The effect of the time of ad ion of lye solutions. The results of previous 
experiments suggested that in pouring a relatively small volume (3 liters) 
of 0.5 per cent lye solution through a separator, the time of exposure was 
insufficient for effective sterilization. Obviously, the time of exposure 
could be increased by using larger volumes of the lye solution. 

When the times of contact were 0.5, 1.0, 2.0, and 4.0 minutes the aver- 

l Myers, B. P-, 1920. Tho germicidal properties of alkaline washing powder, with 
special reference to the influence of hydroxyl-ion concentration, buffer index, and osmotic 
pressure. Jour Agr. Ees., 38: 521-563. 

* McCulloch, E, C., 1933. The germicidal efficiency of sodium hydroxide. Jour. * 
B&ct. 25; 469-493. 
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age percentages of bacteria destroyed or removed were 98.67, 99.69, 99.96, 
and 99,99 respectively. The average losses in concentration of the lye 
solution for the corresponding time intervals were 41.0, 24.8, 12.2, and 
7.4 per cent respectively. Although the details of the data are not pre- 
sented in tabular form, they suggest that when lye solution is used in 
sufficient volume to require from 2 to 4 minutes to run through the 
machine, adequate destruction or removal of bacteria may be expected. 

Effect of a 0.5 per cent lye solution on separator discs. While it may 
be possible to bring about adequate destruction of bacteria in a cream sep- 
arator by the use of a large volume of lye solution, such practice is not to 
be recommended. It was observed that following the continued use of 
lye solution for the disinfection of cream separators corrosive action re- 
sulted. Accordingly experiments were planned to study the effect of 
prolonged exposure of separator discs to lye solution. 


«*»!*#* 


The corrosive action of 0.5 per cent lye solution on new separator discs. 

The periods of exposure were as follows: No 1 — control not exposed, No. 2 — 6 hours, 
No. 3 — 10 hours, No. 4 — 13 hours, No. 5 — 15 hours. 

In each of two experiments, a series of 12 new separator discs were 
immersed at room temperatures in a 0.5 per cent lye solution. Observa- 
tions made at frequent intervals up to 15 hours showed appreciable 
corrosive action after 6 hours' exposure. Virtually all of the tinning on 
both sets of discs was removed after 15 hours’ exposure. The illustra- 
tion shows one series of discs which had been immersed in a 0.5 per cent lye 
solution for 6, 10, 13, and 15 hours respectively. Similar results were 
obtained with the other series of discs. 

SUMMARY 

Milking machine tubing and teat-cups may be sterilized effectively 
either with chlorine solutions testing 100 p.p.m. available chlorine, or 0.3 
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per cent lye solutions, providing the solution rack method is used. When 
the immersion method is employed, the chlorine solutions are less satis- 
factory than the lye solutions. 

Chlorine solutions proved to be a more effective sterilizing agent than 
lye when used as a' disinfectant rinse for separators. The results indicate 
that chlorine solutions employed for this purpose should contain at least 
200 p.p.m. available chlorine in order to insure effective sterilizing action. 
Little difference was noted in the bacteriological efficiencies of lye solu- 
tions testing 1.00, 0.75, and 0.50 per cent, respectively. Since exposure 
cf separator discs to a 0.5 per cent lye solution tends eventually to corrode 
the surfaces its use cannot be recommended for sterilizating cream sepa- 
rators. 




SEASONAL VARIATIONS IN THE LIPASE CONTENT OF MILK 

J. L. H1LEMAN and ELEANOR COURTNEY 
Dairymen’s League Co-operative Association, Inc., Syracuse, N. Y. 

In the commercial production of raw cream, there occurs at certain 
seasons of the year a bitter flavor, accompanied by an odor resembling 
butyric acid; by an increase in titratable acidity; and by a peculiar, 
burning sensation at the back of the tongue when the cream is swallowed. 
The defect usually develops only after the cream has been held in the 
raw state for from 24 to 48 hours, although occasionally it develops much 
sooner. Pasteurization always checks the development of the defect, and 
it usually does not appear except in those cases where the cream must 
he held in the raw state for some time prior to pasteurization. Skim 
milk does not show the defect, even though the cream taken from the skim 
milk becomes very bitter. Since these facts indicate the possibility of 
fat hydrolysis, an investigation was undertaken to determine the extent 
to which lipase is present in mixed milk as received at commercial cream 
plants in New York State, with special reference to seasonal variations. 

LITERATURE REVIEW 

Although several reports of investigations bearing on the question of 
the lipase content of both human and cow’s milk appeared in the liter- 
ature prior to .1909 (see references 1 to 17 inclusive), Maass in that year 
presented the first really convincing evidence that cow’s milk contains a 
true lipase capable of hydrolyzing milk fat (18). Using formalin as a 
preservative and sterilized cream as a substrate, he found that the addition 
of raw milk or cream caused an increase in titratable acidity after incu- 
bation at 35-38° C., and that this increase was proportional to the amount 
of inoculum, a fact which is characteristic of an enzymatic rather than of 
a bacterial process. He reported that the amount of the enzyme present 
in milk increases at the end of the lactation period. Unfortunately, this 
excellent work of Maass seems to have been overlooked by most of the 
susequent workers. 

Rogers and his associates (21, 24) reported some work in 1912 and 
1913 which seemed to show the presence of lipase in milk, although their 
work was weakened by the fact that they used esters other than natural 
milk fat as a substrate. Palmer (32) showed quite conclusively that milk 
from cows in advanced lactation contains a true lipase, although he failed to 
demonstrate it in milk from cows not near the end of lactation. (29, 30, 31). 

Although other investigators reported work bearing on the subject 
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(references 19, 20, 22, 23, 25, 26, 27, 28), the first work of real significance 
after that of Maass was reported by Rice and Markley (33), who in 1922 
showed that normal milk does contain a very active lipase, which sets fatty 
acids free from milk fat in the absence of bacterial growth. They used 
boiled cream as a substrate, preserving it by saturating with sucrose, and 
titrating with alkali to determine increase in acidity. This is the same 
method used by Maass in 1909 except for the substitution of sucrose for 
formalin as a preservative. 

Beumer (34) and Virtanen (35) reported failure to demonstrate true 
lipase in cow’s milk, but its presence was confirmed by Rice (38), Koestler 
(36), Koestler, Roadhouse and Lortscher (37), Roadhouse and Koestler (39) 
Nair (40), and Davies (42). 

In 1932 Dorner and Widmer (41) noted that homogenization of raw 
milk causes it to become rancid very rapidly, in from one-fourth to two 
hours, with a bitter flavor and an increase in acidity. This is in accord 
with the observation of Beatty (25) and of Frazier and Walsh (52) that 
lipase acts only on the surface of the fat, so that homogenization, by in- 
creasing the fat surface, would enable the action to proceed at a more rapid 
rate. The findings of Dorner and Widmer have since been confirmed in 
this country by Halloran and Trout (43), Sharp and de Tomasi (45), 
Trout (46, 47, 54), Doan (50), Doan and Minster (51), and Ramsey and 
Tracy (53). 

The observation of Maass (190J9) that the lipolytic activity in milk 
increases as the lactation period advances has been confirmed by Palmer 
(32), Leitch (44), Trout (46, 47), Bailey (48) and Csiszar (49). Csiszar 
(49) notes that lipolytic activity in milk is much more prevalent in winter 
than in summer. 

EXPERIMENTAL 

In this investigation, the method that has been used for studying quanti- 
tatively the lipase content of milk has differed from those previously used 
in one important respect. Instead of adding the milk being studied to 
sterilized cream, the milk was separated (under strictly commercial condi- 
tions) ; the cream so obtained was standardized to a fat content of 40-42 
per cent; and fat hydrolysis in this raw cream was followed by titration 
of the fatty acids set free, using sodium hydroxide and phenolphthalein. 
These titrations were recorded as the cubic centimeters of tenth-normal 
sodium hydroxide required to bring nine cubic centimeters of the cream to 
the phenolphthalein end-point. If the decimal point in these titrations is 
moved one place to the left, the result will be equivalent to the common 
method of expressing titratable acidity as ‘ ‘ percentage of lactic acid.” 

By means of this method of investigation, the substrate in which the 
lipase acted was raw cream separated from the milk being studied. Such a 
method of procedure has three distinct advantages : 
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1. The concentration of lipase in the reaction mixture is the highest that 
can be obtained, there being no dilution by the addition of sterile cream 
which contains no lipase. Differences that may exist in the lipase content 
of the milk are therefore more easily measured. 

2. The fat exists in the substrate in a normal condition, unchanged by 
heat. 

3. The conditions under which the activity of the enzyme is studied can 
be exactly like those under which raw cream is produced commercially, 
which is a distinct advantage because one of the dairy products in which 
lipolytic activity is most serious is commercial sweet cream which must be 
held for some hours or days prior to pasteurization. 

Three series of data are available for study. The first of these series 
consists of reports, by a retail milk distributor in the New York Metropoli- 
tan area, of the acidity and flavor of shipments of raw cream produced by 
a small creamery throughout the fall and winter of 1930-1931. The exact 
conditions under which the cream was produced are not known to the writ- 
ers, nor is it known what disposition was made of the cream which was 
defective. The data are taken from strictly routine commercial reports, 
none of the people involved in the production or inspection of the cream 
having any knowledge that any problem of this nature was being studied. 
The data are available to the writers because our organization llad been 
active as an intermediary in the sale of the cream, and they are included 
because they show very well the seasonal nature of the difficulty; because 
they bring out the close correlation between acidity and flavor; and because 
they offer a very clear-cut substantiation, from a strictly commercial stand- 
point, of the data included in the other two series of experiments, which 
were conducted under more carefully controlled but also under somewhat 
more artificial conditions. 

The words used on the inspection reports to describe the defective flavor 
of the cream were “bitter,” “strong,” “old” and “poor.” The results 
are given in Table 1. 

TABLE 1 


Monthly variations in titratablc aridity and percentage of poor-flavored shipments 


MONTH 

cc. of N/10 NaOH 

TO TITRATE 9 CC. 

OF ('REAM 

PERCENTAGE OF SHIPMENTS 
REPORTED AS HAVING 

OFF FLAVORS 

October 

1.20 

12.7 

November 

1.29 

16.7 

December 

1.34 

58.4 

January 

1.30 

40.2 

February 

1.27 

19.0 

March 

1.27 

6.1 

April 

1.24 

0.0 
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An examination of these data shows very plainly the close correlation 
existing between high acidity and poor flavor. The peak for both comes in 
December, when one would ordinarily expect bacterial activity to be at a 
minimum. 

The second and third experiments were carried out at cream plants 
where the writers had the privilege of directing procedure. In both cases 
the cream was separated under commercial conditions at 85°-90° F. from 
mixed milk from a large number of herds, and was produced to be pasteur- 
ized immediately rather than to be shipped raw. The experimental samples 
were taken from the cream prior to pasteurization. 

In Experiment II the procedure was very simple. Each raw cream sam- 
ple was held in the plant cold-room in a sterile bottle at a temperature near 
40° F. for 48 hours and the acidity was then determined as follows: a 9 ce. 
pipette was filled to the mark with the cream to be tested, and this cream 
was then allowed to run into a 100 cc. beaker. The cream sticking to the 
inside of the pipette was rinsed into the beaker with two 9 cc portions of 
water, four drops of 0.5 per cent alcoholic phenolphthalem solution were 
added, and the mixture was titrated to a distinct but faint pink color with 
tenth-normal sodium hydroxide, and the number of cubic centimeters of 
alkali were recorded. Table 2 shows the monthly averages of these results 


table 2 

Monthly variation a in production per day per dairy and in titralablc acidity of 
cream when 4 V hours old 


MONTH 

1 NUMMfltt 

pnom < j ion p> k 

i< N/10 NaOII pish 

OF SAMPLES 

]>A* »'1*H l>AJJO 

9 tO OF CUBA M 

August 

! 20 

lf>7 

1 09 

September 

21 

159 

1 22 

October 

21 

181 

1.19 

Novembor 

22 

167 

1.40 

December 

21 

160 

1.55 

January 

22 

182 

1.65 

February 

20 

198 

1.60 

March 

H 

216 

1.06 

April 

9 

223 

| 1.05 


In the two experiments described above the only means of preventing 
the activity of microorganisms was by keeping the milk and cream cold. 
No bacteria counts are available to show how successful this control may have 
been. The third experiment was planned to give more assurance of the 
absence of bacterial growth, and bacteria counts were made so as to check 
on the absence of growth. 

In this experiment three 10 cc. aliquot portions of each sample of raw 
cream (40% fat) were saturated with powdered sucrose to prevent bacterial 
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growth, the method first used by Rice and Markley (33). The first sample 
was examined immediately, the second after 48 hours, and the third after 
96 hours of digestion at 20° C. (68° F.) Each sample was diluted to 100 
ce. with sterile water, 1 cc. was removed for further dilution for bacteria 
counts, and the remainder titrated to the phenolphthalein end point with 
N/10 NaOH. 

In a few r cases a fourth sample was prepared, bacteria counts being made 
immediately without addition of sucrose. These showed rio immediate re- 
duction in the numbers of bacteria due to the addition of sucrose. The 
sucrose did prevent growth in every case, and usually resulted in a gradual 
decrease in the number of bacteria. 

A few bacteria counts were made on the tributyrin agar described by 
Anderson (55), to detect the presence of fat-splitting bacteria. 

The results are summarized in Table 3, monthly averages only being 
shown to save space. The bacteria counts shown in Table 3 are the monthly 
averages of the highest of the six counts obtained for each individual sample. 

The data of Table 3 are shown graphically in Figure I, with the pro- 
duction curve drawn, inversely to show more clearly any inverse correlation 
between production and acidity. 


TABLE 3 

Month by Month variations in production, bacteria counts, and titratablc acidity 

of cream 


MONTH 

i 

NUMBER OF 
SAMPLES 

PRODUCTION 

PER PAY 

PER DAIRY 

HIGHEST 

BACTERIA 

COUNT 

cc. N/JO NaOH per cc . 

fresh . 
(‘ream 

Cream di- 
gested 96 
lion re 

February 1933 

o 

208 

240,000 

0.80 

2.30 

March 

2 

208 

130,000 

0.85 

2.20 

April 

o 

213 

290,000 

0.70 

2.00 

May 

3 

233 

290,000 

0.80 

2.00 

June 

o 

230 

360,000 

0.80 

3.65 

July 

1 

Milk Strike 

560,000 

0.80 

1.60 

August 


Milk Strike 




September 

1 

186 

430,000 

0.80 

1.90 

October 

2 

190 

230,000 

0.70 

2.20 

November 

1 

186 

400,000 

0.90 

2.80 

December 

1 

200 

120,000 

0.90 

3.20 

January 1934 . 

1 

214 

190,000 

0.90 

2.70 

February . 

3 

214 

200,000 

0.90 

2.50 

March 

2 

222 

192,000 

0.90 

i 

o 

CO 

Cl 


There are several significant points to be observed from an examination 
of Figure I. The variations in the titratable acidity of the cream immedi- 
ately after driminin g are too small to have any significance. Under condi- 
tions such as those in this experiment, where lipolytic activity is encouraged 
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and bacterial activity is prevented, some lipolytic activity (as indicated by 
the increases in acidity in 96 hours) can be demonstrated in the milk 
throughout the entire year, although this lipolytic activity is at a minimum 
during early summer (June and July), while it reaches a maximum in early 
winter (December). 

Maass (18) and others have stated that the amount of lipase in milk 
increases as the lactation period advances. If this be true, then there should 
be a close inverse correlation between the rapidity of fat hydrolysis and 
the ' 4 production per day per dairy,” which is the average weight of milk 
delivered to the plant by the individual farmer. 

An examination of Tables 2 and 3 and Figure I will show that there is a 
distinct tendency toward such an inverse correlation. (Data on produc- 
tion for July and August are not shown in Table 3 and Figure 1 because a 
milk strike among the producers affected the receipts somewhat at this plant 
during these two months). However, the data of both Tables 2 and 3 show 
production minima in September without corresponding acidity maxima. 
This is undoubtedly explained by the fact that these September minima in 
production arc due to a lack of feed (pastures being poor and grain feed- 
ing not yet having started) and to the additional fact that low production 
due to lack of feed is not accompanied by any corresponding increase in the 
lipase content of the milk. 

There is a second production minimum in each set of data, occurring in 
December in Table 2 and in November in Table 3. There is a correspond- 
ing acidity maximum in each case, but it lags one month behind the produc- 
tion minimum. It is believed that the explanation for this lies in the fact 
that some other factor, in addition to late lactation, is operative in tending 
to increase the lipase content of the milk, and that the summation of these 
two lipase-producing factors reaches a maximum one month later than the 
lactation minimum. 

Figure III also shows the monthly averages of the highest bacteria counts 
obtained on each individual sample. As might be expected, the bacteria 
counts are somewhat erratic, hut there is evident a general tendency for 
acidity to be low when bacteria counts are high, and vice versa. This is 
easily understood when we consider that the low acidity occurs in the sum- 
mer months, and the high acidity in the winter months. In no case is the 
number of bacteria great enough to account for any increase in acidity, so 
that the lipase could not have been of bacterial origin. 

In 1934 Anderson (55) proposed the use of standard nutrient agar with 
one per cent of added tributyrin to detect fat-splitting bacteria. A few 
counts on this agar were made, and the results are shown in Table 4. A 
glance at this table will show that the numbers of fat-splitting bacteria are 
far too low to account for the increases in acidity. Thus, in the experiment 
of March 20, 1934 the acidity increased from 0.90 cc. to 2.40 cc. in 96 hours, 
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while the maximum total bacteria count was 235,000 and the maximum 
count of fat-splitting bacteria was 15,000. 

CONCLUSIONS 

1. The increase in acidity, with accompanying bitter flavor, which 
occurs at certain seasons of the year in raw cream that has been held for 
some time at ice-box temperatures, is due to the activity of lipase. 

2. This lipase is not of bacterial origin, but is secreted by the cows with 
the milk. 

3. The amount of this lipase in milk produced in New York is at a 
minimum in early summer (June or July), and reaches a maximum in early 
'winter (December or January). There is some lipase present in milk 
throughout the year. 

4. There are two factors which govern the amount of lipase secreted with 
the milk. One of these is the lactation cycle, the amount of lipase increasing 
as lactation is prolonged. The nature of the other factor is not known. 
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THE DETERMINATION OF CURD TENSION BY THE USE OF 
HYDROCHLORIC ACID-PEPSIN COAGULANT 1 

DAVID MILLER 

Nutrition Laboratory, Bureau of Animal Industry, 

United States Department of Agriculture , W ashington, D. C. 

INTRODUCTION 

Within recent years considerable emphasis has been placed upon the 
curd character of milk in relation to infant feeding. The measurement of 
the toughness of the curd has become a useful criterion of the suitability 
of different milks. Buckley (2) in 1914 used dilute hydrochloric acid as 
a flocculating agent, and observed a marked variation in the curd character 
of various milks. In this manner he was able to differentiate the milks of 
various species of lactating animals. Alleman and Schmid (1) in 1916 
devised a “tension-knife’’ of concentric rings to measure the toughness of 
milk coagula. These investigators coagulated 400 cc. of milk with 40 ce. 
of water at 35° C. by using 4 cc. of rennet extract. Milk having a short 
coagulation time was found to have a firmer curd tension. In 1923 Hill 
(4) described a method for the measurement of the hardness of the curd 
coagulated by pepsin in calcium chloride solution. He used a knife having 
radial blades joined to an upright slender handle. This knife is placed in a 
jar containing 100 cc. of milk brought to 33° 0. Then 10 cc. of a coagulant 
consisting of three parts of a 0.6 per cent solution of 1 to 3,000 scale pepsin 
to one part of 37.8 per cent calcium chloride is added with slight stirring. 
After a ten minute interval the loop of the knife is hooked to a spring 
balance which registers in grams the pull necessary to cut through the curd. 

Various workers (5, 8, 10) have demonstrated that coagulation is very 
slow in calcium-deficient milks. Calcium chloride additions, in large quan- 
tities, to milk may retard rennin coagulation, while Rona and Gabbe (9) 
have observed that smaller quantities may hasten the reaction. 

For a period of nearly two years curd tensions were determined 
monthly by Hill’s method on herd samples of three types of milks, which 
were available, namely the milk of Holstein and Jersey cows and mixed 
milk of Sanaan and Toggenburg goats at the United States Animal II us- 

Received for publication November 14, 1934. 

i The modification of the Hill Method for curd tension herein presented was the out- 
growth of studies on goats 9 milk, the results of which are in progress of publication. 
The author is indebted to J. A. Gamble and A. K. Besley for their cooperation in making 
possible the study of curd tension measurement, to Paul E. Ilowe for encouragement and 
advice during the progress of the work and to- N. R. Ellis under whose supervision the 
work was conducted. 
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bandry Experiment Farm at Beltsville, Maryland. Later when the milks 
were treated in various ways such as boiling, homogenizing, skimming, and 
calcium chloride addition, it was noticed that the calcium chloride of the 
coagulant exerted various undesirable influences on the curd tensions of 
the altered milks. For example, the analyses of the curds produced by the 
use of a calcium chloride-pepsin coagulant as used by Hill (4) revealed a 
high content of calcium, due apparently to the absorption of calcium 
chloride from the coagulant. It was also impossible to precipitate the 
albumin according to the method of the Association of Official Agricultural 
Chemists at the usual hydrogen-ion concentration. Hence, it seemed that 
if the ionic equilibrium really plays a role in the coagulation mechanism of 
milk then the calcium chloride in the coagulant must exert some undue 
influence. Furthermore, if the curd tension is to be a measure of gastric 
coagulation, then the coagulant used in vitro should simulate the gastric 
juice in vivo , in respect to the hydrochloric acid concentration. There 
appears to be no physiological reason for the presence of calcium chloride 
in the coagulant, and certainly not in the quantity used, for it has been 
shown (6, 7) that the calcium content in human gastric juice averages 
between 0.001 and 0.01 per cent. Therefore, the purpose of the studies 
described in this paper was to determine the suitability of hydrochloric 
acid in place of the calcium chloride in the coagulating medium. 

EXPERIMENTAL PROCEDURE 

The hydrochloric acid concentration in gastric juice (3) is held to vary 
from 0.2 per cent to 0.5 per cent. Therefore, a study was made of the 
effect of coagulants containing hydrochloric acid. Solutions were prepared 
by dissolving 0.45 gram of pepsin in 100 cc. of hydrochloric acid of the 
various concentrations of 0.2 to 0.5 per cent, inclusive. The technique 
used was the same as that described by Hill, including the *10 cc. amount 
of the coagulant. The curd tension values found were practically alike 
when the hydrochloric acid concentrations varied from 0.2 to 0.5 per cent. 
Evidently, variations of these concentrations of hydrochloric acid exert 
only slight changes. It was therefore decided to use 0.4 per cent acid 
concentration because it approximates the optimum hydrogen-ion concen- 
tration for the pepsin. 

All samples of milk were studied in duplicate and when possible in 
triplicate at the same time comparatively using the calcium chloride pepsin 
coagulant described by Hill and the hydrochloric acid-pepsin coagulant 
outlined above. 

RESULTS 

As is shown in Table 1, the curd tensions of all three Tniltra in the raw 
state obtained by the calcium chloride method (calcium chloride-pep sin 
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TABLE 1 

Comparison of curd tension readings of raw and treated milk as determined with the 
calcium chloride and hydrochloric acid coagulants and the percentage changes 
i/n the curd tensions of the treated milks compared with the 
corresponding raw milk curd tensions 


treatment of milks 

NO. OF 
SAMPLES 

j Coagulant Cseii 

j CaCl s -pepHin [ 

HOl-pepsin 

In grams 

I n per cent 
change* 

In grams 

In per cent 
change* 

GOAT MILK 

Raw 

6 

27 


37 


Boiled . . 

6 

15 

-45 

! 14 

-62 

Homogenized 

o 

21 

-22 

21 

-43 

Skimmed 

5 

34 

+ 26 

43 

+ 16 

Skimmed and boiled . 

5 

17 

-37 

i 13 

-65 

Calcium chloride added 

12 

30 

HI 

| 31 

-16 

HOLSTEIN MILK 

Raw 

5 

51 


53 


Boiled 

5 

32 

-37 

35 

-72 

Homogenized . 

o 

35 

-31 

29 

-45 

Skimmed 

5 

55 

+ 8 

59 

+ 11 

Skimmed and boiled 

2 

29 

- 43 

9 

-83 

Calcium chloride added 

o 

46 

- 11 

46 

-13 

.1 BUSK Y MILK 

Raw 

(3 

68 


75 


Boiled . 

6 

54 

-21 

32 

-57 

Homogenized 

2 

64 

- 6 

56 

-25 

Skimmed 

5 

85 

i 25 

89 

+ 19 

Skimmed and boiled 

o 

66 

- 3 

36 

-52 

Calcium chloride added 

2 

70 

+ 3 

90 

-l 20 


* Negative sign prefixed to the per cent change indicates decrease in curd tension 
or softening of the milk curd. 

Positive sign indicates increase in curd tension or hardening of the milk curd. 


coagulant) were always lower than those yielded by the acid method 
(hydrochloric acid-pepsin coagulant). By no means were the acid curds 
uniformly higher for the three milks. The modified coagulant produced 
curd tensions of goat milk 37 per cent higher than when the calcium 
chloride coagulant was used, Holstein milk 4 per cent higher, and Jersey 
milk 10 per cent higher. 

When samples of the milks were boiled for one minute, the average 
curd tension by the calcium chloride method of the goat milk dropped from 
27 to 15, the Holstein milk from 51 to 32, and the Jersey milk from 68 to 
54. However, the acid coagulant, though yielding higher curd tensions 
for the raw milks, showed greater softening due to boiling of the three 
types of milk. The acid coagulant revealed a more marked softening of 
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the boiled Holstein and Jersey milks than was demonstrated by the calcium 
chloride coagulant. For example, the raw goat milk showed a curd tension 
of 37 by the modified coagulant and when boiled 14, that of Holstein milk 
dropped from 53 to 15, and that of the Jersey milk from 75 to 32. In 
terms of percentage, the degree of softening as shown by the calcium 
chloride coagulant is 45 per cent for goats ’ milk, 37 per cent for Holstein, 
and 21 per cent for Jersey milks, while the curd tensions of the same milks 
by the acid coagulant were softened 62 per cent, 72 per cent and 57 per 
cent, respectively. 

Eesults on the three types of milk, when homogenized unpasteurized 
at a temperature of 48° C. at 4,000 pounds’ pressure and then tested for 
the extent of the softening by the two coagulants, showed a greater drop 
in hardness of the curd of the raw milk due to homogenization when tested 
by the acid coagulant than was shown by the calcium chloride coagulant. 
Goat milk, when homogenized and tested by the calcium chloride coagulant, 
showed a decrease in its curd tension of 22 per cent, Holstein milk, 31 per 
cent decrease, and Jersey, 6 per cent. Yet the same milk by the acid 
coagulant revealed greater softening, namely, 43 per cent, 45 per cent, and 
25 per cent, respectively. 

All milks when skimmed had tougher curds than the corresponding 
whole milks. The skimmed goat, Holstein and Jersey milks gave curd 
tensions of 34, 55 and 85, respectively, by the calcium chloride method, 
while the acid method revealed higher headings for all three milks. The 
curd tension of the goat skimmed milk tested by the calcium chloride 
method increased 26 per cent, the Holstein milk, 8 per cent, and the Jersey 
milk, 25 per cent over the respective whole milks. On the other hand, the 
same milks showed increased toughness of 16, 11, and 19 per cent, respec- 
tively, *when tested by, the acid method. 

Both coagulants indicate that the boiled skimmed milks were softened 
to the same extent as the boiled whole milks, but the acid coagulant appar- 
ently revealed a greater softening of the Holstein and Jersey milks than 
the calcium chloride coagulant. The tendencies of the acid coagulant 
seem to be consistent throughout. As compared to the calcium chloride 
coagulant, the acid coagulant resulted either in the greater hardening of 
the curd or in greater softening, depending on the treatment of the milk. 
It is possible that this reaction of the acid coagulant indicates greater 
sensitivity to changes in the milk. 

The addition of calcium chloride to milk previous to coagulating by the 
two coagulants was studied for the purpose of determining the influence 
of calcium chloride on the curd tension. To each 100 cc. of milk, 0.5 gram 
of calcium chloride in the form of a 20 per cent solution was added and 
stirred before the addition of the coagulant. In case of the goat and 
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Holstein milks, the two coagulants produced identical curd tensions for the 
corresponding milk, indicating that the calcium chloride depressed the 
coagulation by the acid method to the same curd tension as the calcium 
chloride method, but in the case of the Jersey milk, the modified coagulant 
was influenced in the opposite direction, resulting in a higher curd tension. 

DISCUSSION 

The fact that the coagulant containing calcium chloride with pepsin 
as suggested by Hill (4) yielded lower results for the raw milks than the 
modified coagulant with hydrochloric acid replacing the calcium chloride 
evidently indicates the retarding effect due to the addition of more calcium 
chloride in the former coagulant. From the results obtained, it would 
seem that the depressant effect of the calcium chloride coagulant is not uni- 
form because of the variable salt composition of each milk. 

Evidently, heat increases the coagulation time, hence the softer curd, 
but the addition of calcium chloride almost causes a return to normal 
coagulation due apparently to the replacing of the precipitated calcium. 
The two coagulants show their greater disparity in the curd tensions of 
boiled milks where the acid coagulant produced softer curds than did the 
calcium chloride coagulant and yet the former showed that greater soften- 
ing occurred in the boiled milks. Furthermore, the boiling of milk is 
known to produce a soft curd. For that reason one would question whether 
a drop in Jersey milk from 68 to 54 when boiled and tested by the calcium 
chloride coagulant can be considered marked softening when soft curds are 
classified by Hill to be below 30. This finding is more dubious because 
when tested by the modified coagulant the boiled Jersey milk is softened 
from 75 down to 32. 

As previously mentioned, skimmed milks w ere consistently tougher than 
their corresponding whole milks. Data from an unpublished manuscript 
on curd tension of goat milk show statistically that the fat in the milk 
plays only a slight role in the curd solidity. The fat in milk tends mechani- 
cally to prevent the formation of a solid mass due to the interspersed 
enmesliment of the fat globules among the coagulated protein particles. 
Otherwise, the correlation factor is insignificant for the fat content. But 
a highly significant correlation exists between protein content and the curd 
tension. 

Again, even in the case of skimmed milks, the acid coagulant revealed 
that boiling caused a greater softening of all milks, including the skimmed, 
than the calcium chloride coagulant. Such data seem to indicate that the 
calcium chloride coagulant can not be used for the determination of the 
curd tension of altered milks if results are to be obtained comparable to 
those which will approximate the coagulation within the stomach. It is 
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therefore felt that the acid coagulant is a truer in vitro representation of 
gastric coagulation, especially since the gastric juice contains relatively 
little calcium, that is, less than 0.01 per cent. 

Obviously, the fact that in raw milk the curd tensions were lower when 
tested by the calcium chloride coagulant than when tested by the modified 
acid coagulant would seem to indicate the depressing effect of calcium 
chloride. Most likely this retarding effect of calcium chloride already 
present in the calcium chloride coagulant is at its maximum as is evidently 
shown by the results obtained when 0.5 gram more of calcium chloride is 
added to the milk before coagulation. The additional calcium chloride ex- 
erts no further influence on the curd tensions of the three milks by the cal- 
cium chloride coagulant. On the other hand, the acid coagulant reveals that 
milk supplemented with 0.5 gram of calcium chloride before adding this 
acid coagulant is decreased to that given by the calcium chloride before 
adding this acid coagulant. Obviously, the calcium chloride of the calcium 
chloride coagulant exerts an undesirable influence if one wishes to study 
the effects of various additions to milk. 

SUMMARY 

1. Excess calcium chloride as is present in the coagulant suggested by 
Hill which contains calcium chloride and pepsin retards coagulation and 
hence produces a subnormal curd tension. . 

2. Evidence indicates that a coagulant of 0.45 gram of pepsin per 100 
cc. of 0.4 per cent hydrochloric acid produces a truer picture of the curd 
character simulating the gastric conditions than one which contains calcium 
chloride. 

3. Boiling for one minute softens the curd of all milks, but not to the 
same degree of softness. The curd tension of the calcium chloride coagu- 
lant of boiled Jersey milk revealed only a slight softening, but did show a 
marked drop by the acid coagulant. 

4. The effects of the various treatments of the milks in terms of per- 
centage increase or decrease of the curd tensions were almost alike for the 
three kinds of raw whole milks when tested by the acid coagulant. 

5. On the other hand, the calcium chloride coagulant on the same milks 
produced effects of a more divergent percentage increase or decrease in 
curd tension readings. 
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RELATION OP THE PROTEOLYTIC ENZYME ACTIVITY TO THE 
PROTEOLYTIC ORGANISMS FOUND IN SEPARATOR SLIME 

GEORGE SP1TZER and E. II. PARFITT 
Purdue University Agricultural Experiment Station, Lafayette, Indiana 

Several types of microorganisms are of importance in causing the deter- 
ioration of cream used for butter making, and the action of the proteolytic 
organisms, which correspond in a great measure to the tryptic and ereptic 
enzymes of animal origin and in some instances the action of pepsin-like 
enzymes, is manifested in the course of milk and cream hydrolysis. 

In the following experiments the object has been to study the relation 
of the activity of the proteolytic enzymes in separator slime to the numbers 
of proteolytic organisms present. Separator slime, rather than the milk 
or cream, w T as used because the slime represents a composite sample of a 
large quantity of milk or cream. The slime was obtained from about 300 
gallons of milk delivered by producers to a commercial milk plant. This 
milk was bought on grade basis and represented a high grade of market 
milk. 

METHODS OF PROCEDURE FOR TIIE STUDY OF THE ENZYMES 

The separated slime was triturated in a mortar with a 0.7 per cent salt 
solution until the slime was thoroughly disintegrated, then rubbed through 
a coarse sieve. The salt solution represented half of the mixture. 

Of this mixture 10 cc. were added! to 200 cc. of sterile milk and digested 
at 37° C. for five days with sufficient toluol to completely saturate the mix- 
ture leaving a slight excess on the surface. An analysis of the mixture 
was made before digestion for soluble nitrogen compounds which were not 
precipitated by phosphotungstic acid and by a saturated solution of zinc 
sulphate, these results constituted the base from which the increases were 
determined. After five days digestion an analysis w T as again made. The 
difference between the last analysis and the first represented the increase 
of soluble nitrogen compounds not precipitated by phosphotungstic acid 
and by zinc sulphate. 

Three samples of slime were taken during the first week of each month 
throughout the experiment of fourteen months. The separate analyses of 
the three periods were averaged and the result taken to represent the 
changes for the specified month. This procedure gave a better average 
representation of the bacterial count and enzymatic activity. 

The total bacterial count was secured by plating known quantities of 
slime in duplicate upon beef infusion agar prepared from dehydrated 

Received for publication December 3, 1934. 

2G7 



268 


GEOROE SPITZER AND E. H. PARFITT 


Baeto beef; counts were made after five days incubation at 21° C. The 
proteolytic count was secured by plating known quantities of slime upon 
agar containing 10 per cent milk and incubation was for five days at 21° C. 
Colonies which showed definite clearing were counted as proteolytic, doubt- 
ful colonies were transferred into diluted litmus milk diluted 50 per cent 
with distilled water, and proteolysis was recorded if present after ten 
days incubation at 21° C. 

Table 1 gives the results of the analysis for each month. The total and 
proteolytic bacterial counts are expressed as the logarithm of the number 
in one gram of slim mixture. The nitrogen is expressed as percentage of 
the total nitrogen. 

TABLE 1 

Proteolytic enzymatic activity of separator slime as influenced by the month of the year 

and its bacterial content 


LOGARITHM OP BACTERIAL COUNT : 

PERCENT NITROGEN NOl 
PRECIPITATED BT *. 

Peptones 

Date 

Total 

bacteria 

Proteolytic 

bacteria 

Pbospho 

tungstic 

acid 

Zinc 

sulphate 

October 

7.95 

6.56 

0.75 

1.16 

0.41 

November 

8.00 

6.45 

1.71 

1.78 

0.07 

December 

7.56 

6.26 

0.85 

1.49 

0.64 

January 

7.78 

6.46 

1.22 

2.23 

1.01 

February 

7.18 

5.90 

1.06 

1.14 

0.08 

March 

7.26 

5.87 

,1.81 

1.53 

0.22 

April 

7.52 

5.95 

1.40 

1.61 

0.21 

May 

8.23 

6.83 

3.36 

5.00 

1.65 

June 

9.00 

6.11 

3.68 

4.55 

2.87 

July 

7,66 

6.42 

2.24 

3.93 

1.69 

August 

7.82 

6.93 

3.20 

5.04 

1.84 

September 

8.59 

7.70 

5.31 

6.80 

1.49 

October 

7.04 

5.38 

1.25 

1.44 

0.19 

November 

7.89 

6.61 

2.40 

2.76 

0.36 


In the study of Table 1 it is well to consider the relation of the total 
bacterial count and the count of the proteolytic types of bacteria. The 
average total count of bacteria for the winter months, that is: October, 
November, December, January, February, March and April, was 37.59 
millions or a logarithm of 7.57. For the five summer months, May, June, 
July, August and September, the total average bacterial count was 186 
millions or a logarithm of 8.26. This shows that the slime produced in 
summer months contained 148.4 millions more bacteria than the slime 
produced in winter months. By comparing the average count for the 
winter months with the average count for the summer months we find the 
number of bacteria for the summer months was 4.94 times that of the 
winter months. 
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If we consider the proteolytic types of bacteria a similar relation 
exists for the summer and winter months, the total average count of the 
proteolytic types for the winter months was 1.63 million corresponding to 
a logarithm of 6.21 while for the summer months the total average was 
6.31 millions corresponding to a logarithm of 6.80. The summer months 
contained 4.68 million more bacteria than the winter months or 3.87 times 
more for summer than for the winter months. 

Of the total bacterial count only approximately 5 per cent appeared 
to be of the proteolytic type. This is true for the summer months as well 
as for the winter months. 

The graph shows the relation between the average proteolytic count 
for the month and the average percentage of nitrogen not precipitated by 
phosphotungstic acid for the month. 



log or COUNT 

PERCENT hi. 


In discussing the proteolytic action of the bacterial enzymes on the 
proteins of milk we are taking into consideration only the proteolytic types 
of bacteria. The hydrolized products produced by the proteolytic enzymes 
of these organisms are expressed as nitrogen compounds not precipitated 
by phosphotungstic acid and nitrogen compounds not precipitated by satu- 
rated solution of zinc sulphate. The relation of these two fractions gives 
an index as to the character of the enzymes produced by the respective 
organisms. The statement formerly made by us, (1), (2) corroborated by 
H. von Buler (34), W. Grassman (4), and Franz Fuhrman (5), that most 
bacterial enzymes are of the tryptic and ereptic types. The tryptic type 
hydrolizes the proteins to the peptone and dipeptid state, and the ereptic 
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type hydrolizes the dipeptids into aninio aeids. The anirao acids formed 
appear in the fraction not precipitated by phosphotungstic acid, the dipep- 
tids, and polypeptids (peptones) together with the amino acids appear 
in the fraction not precipitated by zinc sulphate, therefore, the difference 
of the nitrogen compounds not precipitated by zinc sulphate and phospho- 
tungstic acid represent the peptones. This gives at least two well defined 
fractions of nitrogen compounds. In addition to the animo acids not 
precipitated by phosphotungstic acid there are some soluble compounds of 
nitrogen not amino acids ; these same soluble compounds also appear in the 
nitrogen compounds not precipitated by zinc sulphate. 

If we compare the different soluble compounds produced by the bacterial 
enzymes on milk proteins during the winter months with that of summer 
months we find that the ratio is 1.0 to 2.12 for nitrogen not precipitated by 
phosphotungstic acid, and the ratio for nitrogen compounds not precipi- 
tated by zinc sulphate is 1.0 to 2.87, which means that the hydrolysis 
of enzymatic activity is 2 to 3 times greater for the summer months than 
for the winter months. Kef erring this change to the proteolytic bacterial 
count there is shown a good relation, but not proportional to the increase 
in bacterial count for the winter and summer months. The bacterial ratio 
for winter and summer months is 1.0 to 2.9. The increase of the proteo- 
lytic bacteria increased 3.87 times during the summer months while the 
protein hydrolysis increased approximately three times, as summarized in 
activity, this relative activity of bacterial enzymes is well illustrated in 
Table 2. The proteolytic enzymes of proteolytic bacteria vary in their 
our previous work (2). A comparison of the proteolytic bacteria B. ich- 
ihyosmius, A. putrefaciens, and S . liquefaciens illustrate the possibility 
that the number of proteolytic bacteria do not of necessity imply a corre- 
sponding degree of enzyme activity on the proteins of milk. 

TABLE 2 

Ratio increase of bacteria and proteolytic enzymes m separator slime obtained during 
winter months to that of summer months 


TOTAL 

BACTERIA 

PHOTEO. 

N NOT PPT 

BY P.T.A. 

N NOT PPT 

by ZnS0 4 

PEPTONI 

4.94 

3.87 

2.12 , 

2.87 

5.45 


THE INACTIVATION OF THE PROTEOLYTIC ENZYMES OF SEPARATOR 
SLIME BY HEAT 

It was deemed advisable to study the effect of heat on the activity of 
the proteolytic enzymes as found in separator slime. After the addition 
of the separator slime to the milk the mixtures were heated to temperatures 
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of 145° F. for 30 minutes and at 165° F. for 10 minutes, the mixtures 
cooled, toluol added and the mixture digested for 5 days at 37° C. Prior 
to pasteurization the milk was adjusted to two pH levels, 7.0 and 5.5. The 
per cent inactivation of the proteolytic enzymes as found in tw T o samples 
of separator slime with widely different proteolytic bacteria contents is 
given in Table 3. 


TABLE 3 

The effect of heat on enzymatic inactivation of separator slime 




1 II BATED TO 145° 

F. FOR 30 MINUTES 

1 HEATED TO 1(55° K. 

FOR 10 MINUTES 




PER CENT INACTIVATED AT 

PER CENT IN ACTIVATED AT 



pH 7 

pH 5.5 

pH 7 

pH 5 5 



N not 

N not 

N not 

N not 

N not 

N not 

N not N not 





& 

O, 


a, 

ppt by ppt by 
FT A. ZnS0 4 

Sample 

I 

73 

78 

77 

60 

72 

71 

74 72 

Sample 

II 

67 

47 

70 

64 

66 

69 

61 67 


Sample I had a protelytic bacterial count of 40 million per ce. while 
Sample II had a proteolytic bacterial count of 2 million or in terms of 
logarithms respectively 7.6 and 6.3, 

In this experiment the effect of pH 7 and pH 5.5 was also studied, the 
results of which are given in table 4. 


TABLE 4 

The effect of acidity of substrate upon the enzymes found in separator slime 



N not 

Fi h l 

AT l‘H 7 

N not 

at pH 5.5 

N not N not 

ppt by ppt by 

F.T.A. Z nS0 4 

LOGARITHM OF 
PROTEOLYTIC BAC- 
TERIA COUNT 

Sample I 

3.23 

4.59 

1.57 

2.88 

7.6 

Sample II 

1.89 

2.46 

! 

1.15 

3.19 

6.3 


As to the relation of the bacterial count to the enzymatic activity we 
find that the proteolytic activity is much greater for Sample I than for 
Sample II, the latter containing a relatively smaller number of bacteria. 
The effect of pH on bacterial enzyme action is consistent with our former 
work on the proteolytic action of the enzymes of specific organisms, that 
is, the activity, in general, is greater at pH 7 than at pH 5.5. 

The inactivation by heat, whether for 145° F. for 30 minutes or at 
165° F. for 10 minutes is approximately the same, which agrees with our 
previous work on the enzymes of B. ichthyosmms and A. putrefaciens. 
The Pipi n g effect of heat depends on two factors, temperature and time. 
The inactivation was slightly greater for pH 7 than for pH 5.5 ; however, 
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the difference is not significant. It will also be noted that the percentage 
of inactivation was greater for the enzymes in Sample I than in Sample 
II, probably due to the different types of bacteria the enzymes of which 
are less sensitive to heat. Approximately 30 per cent of the activity re- 
mained after heating the separator slime to the temperature and time, as 
used in the experiment. This corroborates the statements frequently made 
that pasteurization does not destroy all the enzymatic action which con- 
tributes to the deterioration of dairy products. 

SUMMARY 

1. The proteolytic enzymatic activity of separator slime was greater 
during the summer months than during the winter months. 

2. There exists a relation between the numbers of proteolytic bacteria 
in separator slime and its proteolytic enzymatic activity. 

3. Approximately 70 per cent of the proteolytic enzymatic activity of 
separator'slime was inactivated at 145° F. for 30 minutes and 165° F. for 
10 minutes. 
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American Dairy Science Association Announcements 

GENERAL INFORMATION 


It is possible to announce at this time the general x>rogram for the Amer- 
ican Dairy Science Association Meeting to be held the week of June 24 at 
the University of Minnesota. The general committee believes that an espe- 
cially attractive program has been arranged. The University of Minnesota 
is preparing to entertain a large percentage of the membership and their 
families. A full program of special entertainment features is being planned 
for the ladies which is guaranteed to prevent ennui. This will be announced 
in the May issue of the Journal. 

The members are reminded that titles of papers to be presented must be 
in the hands of L. S. Palmer, Chairman of th° Program Committee by May 
1st. Abstracts must be sent with titles or very shortly thereafter if re- 
prints of the abstracts are to be available for the members at the time of 


the meeting. 


L. 8. Palmer, Chairman 


Program Committee 


GENERAL PROGRAM 
American Dairy Science Association 
Annual Meeting, June 24-27, 1935 
University Farm, St. Paul 

June 24 — Monday 

9 A. M.-~ 5 P. M. General registration and room registration, Haecker 
Hall. 

f> P. M.~9 P. M. General Registration and room registration, Wo- 
men’s Dormitory, University Farm. 

2 P. M. Dairy Products Judging Committee (tentative) 

Creamery Rooms — Haecker Hall. 

7 : 30 P. M. Opening Session and Business Meeting, Auditorium, 

Administration Building, University Farm. 

8:30 P. M, Social get-together for members and tlieir families, 

Women’s Dormitory Parlors, University Farm. 

June 25 — Tuesday 

8 A. M.-4 P. M. General registration and room registration, Haecker 
Hall 

8 A. M.-9 A. M. Section Committee Meetings (Rooms will be an- 

nounced at opening meeting Monday evening). 

9 A. M*~ 12 noon Joint Symposium 4 ‘Improving the Germ Plasm of 

Domestic Plants and Animals,” Auditorium, Ad- 
ministration Bldg., University Farm. 

273 



274 


ANNOUNCEMENTS 


This symposium will be under the auspices of the following organizations : 
Section 0, American Association for the Advancement of Science 
The American Dairy Science Association 
The American Society of Agronomy (Corn Belt Section) 

The American Horticultural Society (Great Plains Section) 

The American Society of Plant Physiologists 
The American Phytopathological Society 


June 25 — Tuesday (continued) 


12 noon-1 P. M. 

1 P. M.-4 P. M. 

4 P. M.~4 : 30 P. M. 
4 P. M.-4 : 30 P. M. 

6 P. M. 


Lunch hour. 

Section scientific meetings. 

Section Committee meetings. 

Members and their families leave for trip to Land- 
O-Lakes. 

Complimentary dinner and entertainment at Land* 
O-Lakes. Admission by ticket. 


June 26 — Wednesday 


9 A. M.-12 noon 
12 noon-1 P. M. 

1 P. M.-2 P. M. 

2 P. M.-4 : 30 P. M. 
5 P. M. 

7 P.M. 


Section Scientific meetings. 

Complimentary Dairy lunch. 

Section business meetings. 

Section scientific meetings. 

Leave for Minneapolis Automobile Club. 
Subscription banquet and entertainment at Minne- 
apolis Automobile Club. 

(Tickets to be purchased on registration.) 


9 A. M.-10 A. M. 

10 A. M.-l P. M. 
2 P. M. 


June 27 — Thursday 

Closing general session and business meeting, Audi- 
torium, Administration Building, University Farm. 
Section scientific meetings. 

Leave for arranged tours to cooperative and inde- 
pendent dairy plants in the Twin Cities and trips 
to farms of various breeders in the vicinity of the 
Twin Cities. Information regarding a number of 
these suggested tours and trips will be given mem- 
bers as they register, and the request will be made 
to signify definitely at that time which, if any, of 
these tours or trips is desired. This information 
will be required in order that necessary transporta- 
tion can he arranged and the organizations or farms 
to be visited may be notified of the number of visi- 
tors to be expected. 
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recently been developed, the milk being concentrated by removing the 
frozen ice crystals in a centrifuge (10). 

An extensive investigation of the effects of freezing upon many physical 
constants of milk and upon the distribution of the different constituents 
in the frozen mass has been reported by Cvitl (4). Other papers also 
present data upon phase distribution (7, 8, 9) . In general the results show 
a concentration of the fat phase in the upper portion of the frozen mass, 
a higher percentage of protein in the middle or lower portions and the 
greatest concentration of lactose in the center or last frozen portion. 

The effect of freezing upon milk and cream in relation to the market- 
ability of these products has received much attention. A number of investi- 
gators have studied the use of frozen cream in ice cream manufacture and 
detailed directions for the successful handling and storage of frozen cream 
have been made available. Reports of this work may be found in the trade 
journals or in Chemical Abstracts. 

EXPERIMENTAL 

Samples were frozen in air in a cold room maintained at -16° to 
-18° C. (3.2° to -0.4° F.). Unless otherwise noted the containers used 
were either tins of 180 cc. capacity or Babcock cream test bottles graduated 
for 9 gram samples. The material in the tins froze completely in six to 
seven hours while that in the test bottles required only 50 to 60 minutes to 
freeze. 

The degree of destruction of the fat emulsion in cream was measured 
as follows: 9 grams of cream were weighed into a 9-gram Babcock test 
bottle and placed in the - 17° C. (1.4° F.) room for 24 hours. The samples 
were then thawed at 40° C. and water was added to bring the surface of 
the mixture near the highest graduation on the bottle. They were next 
placed in a 40° C. bath for 15 minutes, then whirled in a warm (40° C.) 
Babcock tester for 30 minutes, removed and held in a cold box (15° C.) 
overnight. The warming and whirling were repeated next day, after which 
time the length of the column of clear fat was read in the usual manner. 
Holding the cream cold between whirlings was found necessary to give a 
clear fat column. Control tests were always run on the unfrozen samples 
which generally showed about 0.5 to 1.0 per cent fat separation. These 
figures were subtracted from the readings obtained on the frozen samples. 
Correction was thus made for the quantity of fat which the method of 
testing caused to separate and for the action of homogenization in retard- 
ing the rise of very small globules into the neck of the test bottle. 

Relative viscosity measurements on the frozen and thawed milks were 
made at 30° C. with an Ostwald type viscosimeter which measured the time 
required for 24 cc. of milk to flow through one of three different sized 
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capillary tubes. The water rate for each of the tubes was ascertained and 
the results are expressed as relative viscosity. 

Coagulation and heat stability tests were conducted by sealing the 
samples in pyrex test tubes and sterilizing them at 120° C. in a glycerine 
bath. 

SOME EFFECTS OF FREEZING UPON TIIE DISPERSION OF 
THE CALCIUM CASEINATE SYSTEM 

Reference has been made to the gradual change of the calcium caseinate 
to an insoluble form when milk is held frozen. During this work a progres- 
sive decrease in the dispersed state of the casein was produced by freezing. 

The effect of freezing upon the heat stability of skim milk was investi- 
gated. Data from a representative experiment are given in table 1. Skim 


table t 

Effect of freezing at - 18 ° C. (0.4° F.) upon the heat stability of skim mtlk. Freezing 

time Sty hours tn cans) 


'J IME niOZKN 

| TIME OF COAOULAIIOV AT 120° C 

9% S N F 

18% S N F. 

Weeks 

Min 

Min 

Not frozen 

204 

102 

7 

215 

305* 

12 

22.1* 

95** 

17 

235** 

0 

33 

205 



* First distinct separation of casein. 

** Clear serum could be removed by thawing the frozen mass on a filter at Toom 
temperature. 


milk of 9 per cent solids was unchanged in heat stability after storage for 
33 weeks in a frozen condition. All the samples of this milk were used 
after the termination of this time, but from the appearance of the milk it 
was believed that its stability would have dropped to zero in a few more 
weeks. The milk of 18 per cent solids did not possess any stability toward 
heat on the 17th week. 

Visible separation of the casein in both 9 per cent and 18 per cent milks 
began to take place early in the storage period. When the precipitated 
casein first appeared it redispersed during heating but as the time of storage 
increased more and more casein remained in an insoluble state during 
sterilization. The precipitated casein did not at first appear to affect the 
stability of the remaining colloidal particles. Separation of the casein 
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finally became very marked and if the frozen mass was allowed to melt on 
a filter, a clear filtrate could be obtained. The calcium caseinate from the 
9 per cent milk which remained on the filter w r hen the 12-week sample was 
thawed possessed remarkable heat stability. Mixed with water in place of 
serum, its heat stability was 195 minutes; and when the serum from the 
18 per cent solids sample was used as a continuous phase, the calcium 
caseinate from the 9 per cent sample showed a stability of 366 minutes. 

The effect of freezing upon the dispersed state of casein in skim milk 
is shown in a different way through some representative data plotted in 
Fig. 1. Duplicate cans of skim milk were sterilized at 120° C for different 


<3 

3E 



Minx Heated to 120°C. for Different Lengths of Time. 

periods of time up to 220 minutes. One set of milks was frozen at - 15° & 
(5° F.) for four days, the other set acting as the unfrozen control. After 
thawing the frozen samples at room temperature 10 cc. of milk from each 




EFFECTS OF FREEZING ON MILK AND CREAM 


279 


can was measured into a weighed centrifuge tube. These were centrifuged 
at a high speed for half a hour, the supernatant liquid decanted and the 
precipitated casein dried and weighed. The curves of Fig. 1 are of the 
same type but the freezing process has caused a considerable increase in the 
amount of heated casein which was found precipitated. The change after 
a few days freezing is so slight it cannot be detected by visual examination 
of the sol or by comparing its heat stability before and after freezing. 
Since this decrease in the degree of dispersion of the casein occurred w r ithin 
a few days after freezing, it indicates that denaturation of the caseinate 
system during freezing proceeds in a very limited but progressive manner. 

SOME EFFECTS OF FREEZING UPON THE FAT EMULSION 

While freezing milk over a long period gradually produces an increase 
in precipitated protein its effect upon the fat phase is much more rapid. 

The amount of destruction of the fat emulsion in frozen milk and cream 
is dependent upon several variable factors. The most important of these 
appear to be the freezing point of the aqueous phase, the protection afforded 
the emulsified fat by adsorbed protein and the size of the globules them- 
selves. 

The proportion of fat il oiling off” or separating from frozen creams of 
different fat percentages was measured by means of the test previously 
described. Large differences in the amount of fat separating after freezing 
were found. Generally about 25 to 50 per cent of the fat present in 20 to 
40 per cent cream and 40 to 60 per cent or more of the fat present in creams 
over 40 per cent was freed from its normal emulsoid state by freezing. 
Different creams of the same fat content often showed considerable differ- 
ences in the amount of fat which separated. In rare instances a cream 
sample was obtained in which the fat globules were apparently very well 
protected since only 2 or 3 per cent fat could bo separated by the above 
test after freezing. 

Two methods w r ere employed to lower the freezing point of cream, one 
adding cane sugar and the other increasing the milk-solids-not-fat. Cane 
sugar in quantities ranging from 5 to 25 per cent added to cream before 
freezing was found to retard markedly the oiling off of the fat after 
thawing. The larger quantities of sugar almost entirely inhibited fat 
separation. 

An increase in percentage of milk-solids-not-fat retarded the destruction 
of the fat emulsion in cream and a decrease in solids favored fat separation. 
Representative data are presented in table 2. 

As the percentage of solids-not-fat of the cream was decreased the test 
readings for free fat increased from 5.5 to 27 per cent which, on the basis 
of the total fat present, corresponds to a destruction of the fat emulsion 
imu 12 to 54 per cent. The protective action of high solids can probably 
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TABLE 2 

E7j fed of variation in solids -not- fat upon the fat separation in frozen and thawed cream 
thinned from cream containing 60%-68% fat. (Freezing time 60 minutes at - 18 ° C.) 
Figures represent fat column readings. 


MIXTURE 

THINNING 

COMPOSITION WHEN FROZEN | 

FAT SEPARA- 
TION AFTER 
THAWING 

NUMBER 

INGREDIENT 

Fat 

S N F 



% 

% 

% 

1 

Condensed milk 

45.5 

12.14 

5.5 

2 

Water and con- 
densed milk 

40 

9 81 

10.5 

3 

Skim milk 

45 

4 86 

15.0 

4 

Skim milk 

40.5 

4 05 

15 0 

5 

Water 

50 

2.62 

27 0 


be attributed partly to the protection afforded by the protein but chiefly 
to the lowering of the freezing point caused by the lactose and salts. 

The degree of dispersion of the fat slightly influences its capacity to 
undergo freezing without undue fat separation. The effect of homogeniza- 
tion upon the stability of the fat emulsion was studied. The data of table 
3 represent the average figures from three series of experiments. Homog- 

TAIJLE *3 

Effect of homogenization upon fat separation m cream during freezing (Freezing time 
60 minutes at - 18 ° C.) Figures represent fat column readings 


FAX REPARA MON AFTFR THAWING 


FAT IN CREAM 

Not homogpnued 

IloinoRenizod at 

1500 lbs 

3000 lbs 

% 

% 

% 

% 

10 

1.4 

1.1 

07 

20 

7.9 

5.7 

36 

30 

10.5 

36.1 

18.5 

40 

25.6 

22.2 

24.9 


enization of 10 per cent and 20 per cent creams helped to decrease fat 
separation during freezing but in 30 per cent and 40 per cent creams this 
inhibiting influence was not evident. The amount of clumping caused by 
homogenization of low fat creams is small but becomes much greater as the 
fat content of the cream is raised. The clumps are easily broken up by the 
freezing process and the fat emulsion is destroyed. 
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The results appear to indicate that the fat emulsion in ice cream remains 
intact for at least three reasons. The high percentage of cane sugar lowers 
the freezing point of the aqueous phase ; homogenization of the mix inhibits 
fat separation and increases the amount of protein and gelatin adsorbed; 
and the formation of countless small ice crystals in the freezer prevent the 
growth of large and destructive crystals. 

Interesting evidence which shows the extent to which freezing destroys 
the fat clumps in homogenized cream was obtained. Homogenization is 
known to lower to a striking degree the heat stability of cream. The 
lowered stability is considered to be due to the formation of fat clumps 
during homogenization, these clumps acting as nuclei around which coagu- 
lation may proceed (13). Data resulting from a study of the heat stability 
of homogenized creams before and after freezing are presented in table 4. 

TABLE 4 

Effect of freezing for Si lire, at -18° C. upon the heat stability of cream heated to 80° C. 
and homogenized at 2500 lbs. pressure prior to freezing. 

(Freezing time o r % hours in cans.) 


FAT 

TREATMENT 

| HEAT STABILITY AT 120“ C. 

Before freezing 

| After freezing 

% 


min. 

min. 

10 

Not homog. 

122 

121 

1 

llomog. 

' 1 

102 

120 

20 

Not homog. 

135 

137 


Homog. 

75 

137 

30 

Not homog. 

342 

142 


Homog. 

2 

146 


Freezing restores to the cream the heat stability which it possessed before 
large fat clumps were formed by homogenization. The dumps are appar- 
ently disintegrated during freezing and cannot therefore initiate a general 
flocculation of the caseinate system during heating. Accordingly a homog- 
enized cream which feathered in coffee because of excessive fat clumping 
could be freed of this defect by freezing. However the free fat which 
would oil off on the coffee after the addition of frozen cream would be 
undesirable. 

PRACTICAL APPLICATION OF STUDIES ON THE EFFECTS OF FREEZING 
ON MILK AND CREAM 

An application of the foregoing study to manufacturing problems has 
yielded some interesting data and the possibility of obtaining new products 
which may be of value either to research workers or to the industry itself. 
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A concentrated frozen milk (12) may be produced by pasteurizing fresh 
whole milk, condensing it to one-third of its weight, sealing it in containers 
and subsequently freezing it in an ice box maintained at about - 17° C. 
Such a milk, if held at a temperature below -13° C. (8.6° F.) may be 
thawed and easily reconstituted with cold water. It will yield a normal 
fresh milk at any time up to the 4th week of storage. This product is an 
excellent substitute for market milk where the latter is expensive or not 
easily available. Jt is essential that the milk be handled in equipment con- 
structed of metals other than copper since contamination with this metal 
will cause a metallic flavor to develop in the product after a storage period 
of approximately one week. 

The usual fat separation which occurs during the thawing of slowly 
frozen whole milk does not take place in milk condensed to a 3:1 ratio 
before freezing. The high solids-not-fat content of the product prevents 
fat separation in the milk just as it does in the creams referred to in table 2. 

The denaturation of the casein during freezing is more readily noticed 
when the solids-not-fat content of the milk is raised. If the milk is con- 
densed to less than one half its weight, the casein concentration is suffici- 
ently great to produce a gel structure as denaturation in the frozen state 
sets in. 

The relation between concentration, fat separation and protein denatur- 
ation or gel formation in frozen milks condensed to various degrees is 
shown by the data given in table 5. A milk evaporated to three times its 


TABLE 5 

Kelation between concentration , fat separation and gel formation m frozen milk. 
( Freezing time hours in cans.) 


CONCENTRATION | 

FAT 4 ( /t 1 

FAT SEPARATION 

TIME TO FORM 

NORMAL - SNF | 

IS hrs. 

2 IllOS. 

GEL AT — 15° C. 

% N 

(% fatx2) 

2.0 

3.0 

No gel. Ppt. 
in 3 mos. 

N 

1.0 

1.5 

< ( 

2 N 

trace 

trace 

3 mos. 

3 N 

0 

0 

5 wks. 

4 N 

0 

0 

1 5 days 


normal concentration was found to be the most satisfactory for freezing. 
The data of table 5 may be considerably varied by changing manufacturing 
conditions and temperatures. High or long heat treatment shortens the 
storage period in which the milk is free from casein precipitation. High 
storage temperatures produce the same effect. 
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The development of viscosity in concentrated frozen milk during storage 
at two different temperatures is shown by the data plotted in Fig. 2. 



Fig. 2. Thr Effect of Time of Storage in tiie Frozen State i con the Relative 
Viscosity of Condensed Milks of Different Concentration. “C” at the End of 
Each CniVE Indicates the Time wiifn Casein Coagclation was First For ml 


Whole milks condensed to different percentages of solids were used. In 
most cases when the slight coagulation which precedes gel formation set in, 
viscosity measurements could no longer be accurately made. In these cases 
the probable course of the curves is indicated by dotted lines. The impor- 
tance of low temperatures of storage in preventing the development of high 
viscosities is apparent. 

The ability of the homogenization process to increase protein adsorption 
and fat clumping in cream was utilized in a method developed to separate 
some of the milk constituents. It was observed that when homogenized 
frozen cream was thawed at a temperature below the melting point of the 
fat, the serum could be drained from the tha| ,; ng mass, leaving behind a 
mixture of fat and adsorbed casein. If the iij temperature was high 
enough to liquefy the fat the material melted as cream and no separation 
was possible. The fat-casein mixture could be washed with ice water with- 
out loss to remove traces of serum. 
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Data are given in table 6 which are representative of the composition 
of the fat-casein mixture obtained from creams of 10, 20 and 30 per cent 


table r> 

Composition of the fat-casein mixture secured from frozen and thawed cream . {Freezing 
time 10 to IS hours in 1 gal. cans at - 18 0 C .) 


FAT IN 
ORIGINAL 
CREAM 

WATER 

FAT 

(BABCOCK) 

PROTEIN 

(TOTAL 

N X 6.38) 

LACTOSE 

AND ASH (BY 
DIFFER” 
ENCE) 

CLARITY 

OF SERUM 
REMOVED 

% 

% 

% 

% 

% 


10 

53.61 

35.0 

7.12 

4.27 

very turbid 

20 

36.60 

55.5 

t 

6.59 

1.31 

turbid 

30 

20.51 

1 

74.0 

i 

5.29 

.20 

clear 


fat. A clear separation of serum was obtained only with creams above 
25 per cent fat. When the fat content of a cream was lower than this 
figure there was insufficient fat present to adsorb and hold all the casein. 
Under such conditions some of the casein escaped with the serum. 

The fat-casein mixture was found to be of some practical value. If 
water was added to replace the serum and the mixture warmed, much of 
the fat separated by oiling off from the casein. A cream separator removed 
all but about 0.5 to 1.0 per cent fat. The resulting casein dispersion ap- 
peared to possess all of its original characteristics. It was almost tasteless 
in the absence of the serum and developed very little cooked flavor or brown 
color after heating to sterilization temperature. Its heat stability remained 
about the same as that of normal milk. The product provided a normally 
dispersed casein which should be of value in studies of this protein in its 
native state. It has been used to advantage in heat stability studies in 
these laboratories. 

The fat-casein mixture was used to raise the milk-protein solids of ice 
cream mixes without also increasing their lactose content. When the fat 
for the mix was obtained entirely from frozen cream, the procedure for 
using only the fat and casein of the frozen cream was very simple. The 
homogenized frozen cream was thawed upon a fine wire netting suspended 
over a receiver for the serum, the operation being conducted in an ice box 
held at 5° to 15° C. (41° to 59° F.). After thawing about 24 hours the 
fat-casein mixture was added to the mix before pasteurization. For small 
quantities the most rapid method of removing the serum from the thawed 
cream was by means of a Buchner funnel using suction. Through use 
of the fat-casein mixture the protein solids of the mix were increased as 
much as 1:5 per cent in this manner without increasing the lactose or 
salts. 



EFFECTS OF FREEZING ON MILK AND CREAM 


285 


Low temperature thawing of homogenized frozen cream provided a 
simple means of obtaining milk serum in large quantities. By careful 
handling, a serum equal in clarity to that obtainable by ultra-filtration 
methods was secured. When the serum was obtained as a by-product in 
the preparation of the fat-casein mixture for ice cream, it was used to 
advantage in milk sherbet, giving it a distinctive and pleasing milk flavor. 

SUMMARY 

1. Slow freezing of milk or cream caused a gradual precipitation of 
the caseinate system and an immediate destruction of the fat emulsion. 

2. Freezing did not alter the heat stability of skim milk until the 
product had been held frozen for several months at -18° C. (0.4° F) 
or below. Freezing caused an immediate increase in the amount of casein 
which could be centrifuged from milks heated before freezing. Freezing, 
therefore, caused a slow and gradual increase in the size of the casein 
aggregates but the change was not noticeable until the freezing period was 
well advanced. 

il. The destruction of the fat emulsion in cream during slow freezing 
v as lessened by adding cane sugar or increasing the solids-not-fat content 
of the cream before freezing. Homogenization slightly retarded fat separa- 
tion when low fat creams were frozen. Freezing destroyed the fat clumps 
formed in cream by homogenization and restored to the cream the heat 
stability which it possessed before processing. 

4. Fresh whole milk was pasteurized, condensed to J its weight, canned 
and frozen without any detrimental effects to the body or flavor of the 
product. This milk when held frozen at a low temperature and recon- 
stituted at any time within a four-week period by the addition of cold 
water, yielded a product which often could not be distinguished from fresh 
market milk. Its use where fresh market milk is expensive or not available 
was suggested. 

5. A process for the preparation of large quantities of normal un- 
denatured casein and of milk serum was developed. Frozen homogenized 
cream was thawed at a temperature below the melting point of the fat; 
clear milk serum was collected from the melting mass and the residual 
mixture of fat and casein was utilized in the preparation of normal casein 
or to raise the protein solids of ice cream mix. 
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THE HEAT STABILITY OP EVAPORATED MILK MADE FROM 
HARD-CIJRD MILK, SOFT-CURD MILK AND MILK 
FROM MASTITIS INFECTED UDDERS* 

R. C. WKLCH AND F. J. DOAN 

Division of Dairy Manufactures, The Pennsylvania State Colhgi , State College , Penna - 

In the course of some preliminary studies with soft -curd milk, it was. 
found that the milk samples of low curd tension, after condensing, con- 
sistently coagulated at lower temperatures or coagulated sooner at the 
•same temperature than did milk of high curd tension. The soft-curd 
product was furthermore affected erratically by added salts such as calcium 
acetate, sodium citrate and sodium carbonate whereas the hard-curd milk 
was invariably further stabilized by the citrate and carbonate and de- 
stabilized by the acetate. These results were at first interpreted as indi- 
cating some inherent qualitative difference between soft -curd milk and 
hard-curd milk but this conclusion was soon abandoned since exhaustive 
study failed to reveal such differences between the two types of milk (1 ). 
It was found, however, that udder infections lower the curd tension of 
some milk sufficiently to bring it under a soft-curd classification (2). In 
checking on the samples of milk used for the comparisons mentioned above, 
it was discovered that the soft -curd milk came from a group of cows, 
several of which reacted positively to mastitis in one or more udder 
quarters. It. was therefore decided to repeat the comparisons using hard- 
curd and soft -curd milk from animals free from suspicion of udder infec- 
tions and milk from animals showing sub-clinical indications of mastitis 
in one or more quarters as determined by the cell count, the thybromol 
test, and the preeentage of chlorides. 

EXPERIMENTAL 

Methods 

The milk used in these experiments came from selected cows of the 
college herd. These animals were chosen after several months' observation 
and w r ere known to produce milk of the desired type. Each lot of milk 
used for comparison was composited from the complete milkings of from 
5 to 10 cow's, the individuals contributing to each lot being changed with 
each trial, although several were included in more than one trial in a 
different grouping. Considerable care was exercised in ascertaining that 
each lot of milk was true to the type desired for comparison. 

Keceived for publication January 14, 1935. 

# Publication authorized by the Director of the Pennsylvania Agricultural Exper- 
iment Station, January 9, 1935, as Technical Paper No. (>85. 
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Each lot of milk was first separated, the resulting skimmilk, only, being 
used in the experiments. This was forewarrned at various temperatures 
and concentrated (about 2 to 1) in a small vacuum pan at an evaporating 
temperature of about 135° F„ cooled at once and standardized with dis- 
tilled water to a milk solids content equivalent to that of the other lots 
of milk in the trial. Samples were sealed in six ounce tins and sterilized 
in a pilot sterilizer at a temperature of 240° F. Several trial sterilizer 
runs were made with each lot of milk until a holding interval was found 
which produced coagulation in at least one of the three types of milk being 
compared. Following this, two series of sealed samples were prepared 
from each of the lots of milk, one series containing increasing increments 
of M/4 sodium carbonate and the other series, increasing increments of 
M/4 calcium acetate. These were subjected to sterilization at 240° F. for 
the predetermined time interval and the relative degree of coagulation 
noted. In most cases additional sterilizing trials, using different holding 
intervals, were required with one of the lots of milk, and often with two 
lots, in order to distinguish accurately the effect of the added salt solutions 
on the stability. The diluting effect of the salt additions was compensated 
by additions of distilled wafer, where necessary, so that the total dilution 
was the same in all cases. 

The “ coming up” intervals in the sterilizing trials varied from 8 to 12 
minutes but were held constant for every direct comparison of the types 
of milk. 

The procedure outlined was followed in every trial and for each dif- 
ferent forewarming temperature where these were varied. 

The curd tension determinations were made according to the Hill tech- 
nique (3) using Monier and Sommer’s modification (4) and alcohol num- 
bers were obtained by the method of Doan and Minster (5). 

Not all of the data obtained in these experiments are presented due 
to the inability to condense and summarize them into convenient tables. 
Typical data are shown in sufficient amount to substantiate the conclusions 
reached. 

Heat Stability without Added Salts 

In every trial the condensed milk from animals afflicted with sub- 
clinical mastitis (hereafter termed mastitis milk) was found to be less 
heat stable than either the hard-curd condensed milk or the soft-curd con- 
densed milk. This held true regardless of the forewarning temperature 
used. The results of eight typical trials are shown in Table 1. The data 
do not indicate any appreciable difference in the coagulability of hard-curd 
milk and soft-curd milk and from the further observations made, it is 
believed there is none. In one trial shown, an apparent difference is evi- 
dent, sample 16S coagulating to a great degree than 16H. This however 
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TABLE 1 

The Relative Heat Stability of Soft-Curd Milk , Hard-Curd Milk and Milk from Udders 
Infected with Sub Clinical Mastitis , After Condensation 


TRIAL NO. 

A NO 

SAMJ'LK* 

CURD 

TENSION 

ALCOHOL 

NO. 

I’OUK 

WARM 

IMi TEM- 
PER \T1 RE 

TOTAL 

SOLIDS 

CONTENT 

“COMING 

I'l*” 

HMK 

TIME 
HELD AT 
24(7° F 

DEGREE 

OK 

COAGU- 

LATION* 


jjrnins 

lllls 

°F 

mm 

mm 



„ M 

0 u 

34 


170 

16.81 

8 

17 

4 

62 


170 

16.86 

8 

17 

0 

8 M 

8 U 

29 


170 

17 90 

8 

15 

1 

64 


170 

17 78 

8 

15 

0 

M 

58 

88 

205 

18.09 

11 

15 

3 

13 11 

76 

8.0 

205 

19.08 

11 

40 

0 

S 

35 

9 2 

205 

19.02 

11 

40 

0 

Ml 

41 

8.» 

205 

17.28 

n 

15 

1 

u m 

H 

41 

8.4 

203 

17.28 

11 

23 

4 

70 

8.5 

205 

17.06 

11 

23 

0 

s 

i 

32 

9.5 

205 

17 24 

11 

23 

0 

M | 

46 

< ' 

8.8 

205 1 

18.06 

11 

15 

2 

ir» h j 

74 

8.2 

205 i 

17.84 

11 

42 

0 

s ; 

34 1 

! 

8.8 

205 

18.12 ; 

11 

42 

0 

i 

M 

! 47 

8.6 

180 

17.37 | 

! 12 

30 

o 

16 11 

66 

8 4 

180 

1 1 8 02 i 

12 

40 

0 

S 

! 34 

9.2 

180 

! 17.94 

i 

12 1 

40 

o 

Ml j 

49 

8 4 ! 

205 

! 17.72 ! 

12 , 

30 

2 

M2 

49 

8.4 ! 

180 I 

17.80 i 

1 12 ! 

30 

0 

17 H1 

112 

63 

8 8 

205 

1 20 30 

i 12 

40 

j 1 

63 

8.8 

180 

! 18.36 

! 12 ! 

! 40 

1 0 

SI 

32 

9.4 

205 

18.09 

12 

! 40 

0 

S2 

32 

9.4 

180 

18.92 

12 

40 

o 

18 M 

18 H 

53 


200 

17.67 

94 

15 

1 

105 

1 

1 . i 

200 

17.81 

9* 

i . 1 5 _ _ 

0 


* M - Milk from udders affected with sub-clinical mastitis. 

H - Milk from normal hard-curd milk. 

S - Milk from normal soft-curd milk. 

-bO = no visible coagulation; 1~~ slight coagulation; 2 = moderate coagulation; 
3 -prominent coagulation; 4 = pronounced coagulation; 5 = complete coagulation. 

was the only comparison showing a definite variation. Some differences 
are evident in trial 17 but these are partly due to the rather considerable 
variation in the milk solids content of the samples. 

The stability of the soft-curd milk in the fluid state toward alcohol 
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was greater than either the hard-curd milk or the mastitis milk. This is 
probably a reflection of the lower casein content of the soft-curd milk. 
The mastitis milk did not show a consistent difference from the liard-curd 
milk in this respect. 

The data obtained for trial 17 indicate that the high temperature of 
fore warming (205° F.) stabilized mastitis milk to a lesser degree than did 
the low temperature (380° F.) This is contrary to the usual effect of 
varying forewarming temperatures on normal milk. While the data pre- 
sented are not sufficient to be conclusive on this point other results obtained 
in the study were confirmatory and the data dealing with the effect of 
added salts (Table 2) also support the opinion. 

Heat St ability with Added Salts 

When increasing quantities of sodium carbonate and calcium acetate 
were added to the condensed milk samples, prepared as previously de- 
scribed, the stability of the hard-curd milk and soft-curd milk was affected 
for the most part in a normal manner. The carbonate usually increased 
the resistance toward coagulation while the acetate decreased it. The data 
presented do not show this effect as well as might be wished hut other 
data and examination of the samples for viscosity indicate it to tin* satis- 
faction of the authors. The mastitis milk, however, when forewarmed at 
the higher temperatures, in the majority of eases reacted oppositely, being 
destabilized by additions of the carbonate and stabilized by additions of 
the acetate. At the lower temperatures of forewarming the results with 
mastitis milk were not so consistent. In the majority of eases stabilization 
or partial stabilization was obtained with the carbonate and destabilization 
with the acetate. In frequent eases, however, the results were directly 
reversed and similar to the effects when the forewarming temperature was 
high. The transition point appeared to he in the neighborhood of 180° F. 
forewarming temperature. The results obtained, w r ith the same trials shown 
in Table 1, are presented in Table 2. 

While a few' discrepancies in some of the data make direct comparisons 
uncertain, the results are sufficiently uniform to indicate that mastitis milk 
lias a different so-called 4 ‘ salt-balance’ ’ after forewarming and condensing 
than does normal milk. Apparently it is less stable regardless of fore- 
warming treatment than normal milk and exhibits a decided tendency to 
be stabilized by calcium when forewarmed at temperatures commonly used 
for evaporated milk. 

Effect of Mixing Mastitis and Normal Milk 

Since mastitis milk and normal milk appeared to have ionic maladjust- 
ments which might be expected to compensate each other if mixed, some 
mixtures were compared (in the manner described previously) with normal 
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TABLE 2 

The Effect of Sodium Carbonate and Calcium Acetate Additions on the Relative Heat 
Stability of Soft-Curd , Hard Curd and Mastitis Milk after Condensation 


DEGREE OF ( OAGl LA'S ION"* OBTAINED IN STERILIZING WHEN 
FORE* |) INDICATED AMOl’N'JS OF SALTS WERE ADDED TO A 0 OI’NCE TIN 


TRIAL NO 

WARM- 
TNO 
TKM- 
I'ERA - 

! Con 
;! trot 


— 

— 

■ — — 


— 

— 

— 



ANT' 

.XAMl'LH 

M/4 1 

Ku.CO a | 

M/J Ca((yi 3 0 3 ) 2 




TORE 

Ij oo 

0 2 

0 4 0.6 0.8 '1 

i 0 2 

0 4 O 0 0 8 

ml. Reagent 



°F 






1 







i! o h 

1 0 0 0 4 

0 2 

oo ; 

! 0 0 0 4 

0 2 

0 0 

ml Water 

() 

M 

170 

, 4 

3 

3 

3 

1 

4 

4 

5 

5 


JI 

170 

" 0 

0 

0 

0 

0 

0 

0 

1 

*) 


8 

M 

! 170 

! 1 

0 

0 

0 

0 

1 

2 

3 

5 



H 

| ]70 

0 

0 

0 

0 

0 

0 

0 

0 

0 



M 

205 

3 


4 

4 

5 

2 

1 

0 

0 i 

18.09'; Milk Solids 

13 

» i 

205 

0 

! 0 

0 

0 

0 

0 

0 

0 

0 

18.09'; Milk Solids 


s 

; 205 

0 

i 0 

1 

0 

0 

0 

0 

f) 

0 

II 

19 02'; Milk Solids 


Ml 

205 

1 

! 2 

2 

o t 

*1 

1 

0 

0 

0 

Held 15 Min. fa 240' J F. 

1 4 

M2 

205 

4 


5 

5 

5 

4 

3 

3 

2 

Held 23 Min. (d 240°F. 

II 

205 

" 

1 0 

0 

0 

0 

0 

(1 

0 

0 1 

Held 23 Min. (o' 240° F. 


S 

205 

0 1 

! 0 

0 

0 

0 '■ 

0 

0 

0 

0 

Held 23 Mm Co 240 f F. 


M 

205 

o 

' 3 

3 


4 ■ 

o 

1 

0 

0 

Held 35 Min. (a 240°F. 

j 5 

II 

! 205 

O 

1 0 

it 

2 

4 

O 

i> 

0 

1 

Held 42 Min. (a 240°F. 


S 

205 

! 

0 

° 

0 

0 

1 

0 

0 

0 

0 

Held 42 Min. Co 240°F. 


M x 

ISO 

o 

j 

3 

4 

4 

1 

0 

0 

0 

Held 30 Min. (a 240 °F. 

10 

n ; 

180 

0 

0 

0 

(J 

0 

0 

0 

0 

1 

Held 30 Mm (a 240 J F. 


S 

1 

180 

4> 

i) 

0 

0 

0 

o 

O 

o 

o 

3 

Held 30 Mm (o 240 °F. 


Ml 

205 

o 

I 

3 

4 

r, 

o 

1 

0 

0 

Held 40 Min. (a 240° F. 


M2 

180 

0 

0 

0 

1 

2 

0 

0 

0 

1 

Held 40 Mm. (a 240°F. 


HI z 

205 

1 

1 

2 

3 

4 

0 

0 

0 

0 

Held 40 Min. (cr 240 °F. 

1 7 

112 

180 

, 0 

0 

0 

I 

1 

0 

0 

0 

1 

Held 40 Min. (a 240° F. 


SI 

205 

0 


0 

0 

0 

0 


0 

1 

Held 40 Mm. (a 240°F. 


S2 

180 

o 

1 

0 

0 

0 


3 

4 

5 

Held 40 Mm. (a 240 r ’F. 

18 

M 

200 

I- 

' 1 

1 

o 

o 

O t 

0 

0 

0 

0 


H 

200 

o 

0 

0 

0 

° S 

0 

I 

2 

o 



*M-Milk from udders affected with sub-clinical mastitis. 
II -Milk from normal liard-curd milk. 

8 -Milk from normal soft-curd milk. 


+ 0=:no visible coagulation; l=slight coagulation; 2 = moderate coagulation; 

3 =r prominent coagulation ; 4 -pronounced coagulation ; 5 - complete 
coagulation. 

x- Lower milk solids content than other samples. 
z -Higher milk solids content than other samples. 
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milk with respect to heat stability. The data are so heterogeneous that they 
cannot be arranged satisfactorily in tabular form and are therefore omitted. 
The results, however, indicate that the presence of mastitis milk in normal 
milk invariably destabilizes the normal milk. Considering the situation 
from the opposite standpoint, normal milk added to mastitis milk improves 
the stability of the latter and also changes it in such a way that calcium 
additions no longer stabilize it. It should be appreciated that these trials 
were in the nature of preliminary studies and further comparisons, more 
carefully controlled, will be necessary before the effects of mixing mastitis 
and normal milk on heat stability can be completely appreciated. 

DISCUSSION 

In attempting to understand or explain the differences in the heat 
stability of mastitis milk and normal milk, the mineral or salt composi- 
tion of milk from diseased udders becomes of consequence. Data on this 
subject are rather meagre but Hashimoto (6), Schrodt (7), Sommer (8) 
and Rosell (9) have presented figures which can be taken as typical. These 
are shown in Table 3, together with average values for normal milk. 
Rosell’s data are averages for infected and clean quarters of the same 
animals and therefore illustrate very accurately the changes due to mastitis. 


TABLE 3 

Percentage Composition of the Ash or Normal and Mastitis Milk 


INVESTIGATOR 

K,° j 

| Ca O 

| ,Na.,0 

| 0 

| **/»« ! 

I n 




Mastitis Milk 



Hashimoto 

8.98 

7.44 

30.54 

1.74 

1 17.38 

1 33.63 

Schrodt 

10.56 

16.17 

24.92 

2.70 

24.56 

24.52 

Sommer 

5.08 

7.52 

42.37 

2.88 

! 8.76 

44.64 

Rosell (Recalculated) 

17.85 

16.86 

35.73 

2.08 

16.41 

34.12 




Normal Milk 



Sommer 

24.65 

23.42 | 

8.18 

2.79 

! 26.28 

13.95 

Rosell (Recalculated) 

19.13 

29.45 

15.41 

2.48 

1 32.76 

15.93 


Udder infections unquestionably decrease the calcium, potassium and 
phosphorus content of milk and increase, very markedly, the sodium and 
chlorine. In view of the rather delicate balance between the various ions 
of milk necessary for maximum stability of the casein toward heat (HO) 
(11) (12), such changes in the mineral constituents would be expected 
to influence the heat coagulation point markedly. One effect, apparently, 
is to render the mastitis milk decidedly more heat sensitive than normal 
milk after concentration to a solids content comparable to that of evapo- 
rated milk. The mastitis milk seems to be unbalanced in the direction of 
too little calcium. This is indicated by the stabilizing effect of added 
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calcium acetate and also by the tendency of high forewarming temperatures 
to destabilize the milk more than low temperatures. 

Milk from mastitis udders is low in hydrogen-ion concentration. This 
in itself may be an important factor in the poor stability of such milk, 
since Benton and Albery (11) have shown that the pi I effect may over- 
shadow the effect of added ions outside the pH ranges of 6.58 to 6.65. 
It may be argued therefore that the beneficial effects of adding calcium 
acetate to mastitis milk are a result of a lowering of the pH rather than 
any direct effect of the cation. It is impossible from the present data to 
determine which of these probabilities is the important one. 

The considerable increase in the sodium chloride content of mastitis 
milk would increase the osmotic pressure were it not for the fact that a 
corresponding decrease in lactose occurs, which maintains the milk isotonic 
with blood (141. Nevertheless the mastitis milk contains a higher concen- 
tration of ionized electrolytes as indicated by the increased conductivity 
(14). The presence of this excess of electrically active particles might 
be expected to destabilize milk casein toward heat or any other agency of 
coagulation. 

Another explanation of the reduced heat stability of mastitis milk might 
also be offered, based on the increase in the albumin content characteristic 
of such milk. Sommer (15) has shown experimentally that increasing the 
albumin content of milk lowers its resistance to coagulation in the con- 
densed form. Since the increase in albumin content of mastitis milk, how- 
ever, takes place at the apparent expense of casein (16), it seems unlikely 
that the increase in albumin would more than compensate the decrease in 
casein. 

The literature dealing with the heat stability of milk lacks any definite 
statements regarding the presence or absence of milk from cows affected 
with mastitis. Apparently this factor has been neglected in most, if not 
all, of the studies made on the subject. It is believed that the peculiarities 
exhibited by some of the samples of milk used by the various workers 
might have been related to the presence of mastitis milk. Several of the in- 
vestigators (10) (11) (12) (13) have indicated that there are two general 
types of milk (omitting the effects of bacterial acidity and enzymes). The 
most common type is that which is stabilized by high forewarming tem- 
peratures and additions of such anions as di phosphate, carbonate, citrate, 
borate, etc. The less common type, limited for the most part to small 
lots of milk or milk from individual cows, is that stabilized by additions 
of acid and such cations as calcium or magnesium. This latter type of milk 
is suspiciously similar in stability characteristics to the mastitis milk 
utilized in this study. Because of the wide-spread occurrence of mastitis 
of the sub-clinical type, it is reasonable to suppose that some of the work 
that has been carried out on the subject of heat coagulation has been com- 
plicated by this apparently disregarded factor. 
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CONCLUSIONS 

There seems to be no appreciable difference between concentrated soft- 
curd milk and concentrated hard-curd milk with respect to senstivity 
toward heat coagulation and with respect to the stabilizing or destabilizing 
effects of forewarming and the addition of certain anions and cations. 

Concentrated milk from animals infected in one or more quarters with 
sub-clinical mastitis is decidedly less stable toward heat than normal milk. 
Such milk seems to react oppositely to most normal milk in that it is further 
destabilized at the higher forewarming temperatures and by additions of 
sodium carbonate and is further stabilized by additions of calcium acetate. 
In these particulars, at least, it is very similar to one of the two “types" 
of milk noted by previous investigators, namely, that type, only occasionally 
encountered, which is stabilized by bacterial action, mixing with it “poor 
quality milk," and by additions of acids, arid cations such as calcium and 
magnesium. 

Mixing mastitis .milk with normal milk tends to destabilize the latter. 
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FIVE YEARS RESULTS ON MONTHLY CLIPPING OF PASTURES 

R. H. LUSH 

Louisiana Agricultinal Erpmmcnt Station , Baton Jxougc 

Eleven or more caged pasture areas at Raton Rouge have been clipped 
at monthly intervals for the growing seasons of 1930-34. Four of these 
areas were in seeded bench land pasture, while the others were in recently 
broken alluvial land. The soil is nearly neutral in reaction and high in 
fertility. The prevailing vegetation in early spring was White Dutch 
clover (Trifolnun re pens) except on bench land, where much hop clover 
(principally ! Trifolnun procumbent) occurred. Rye grass (Lolium sp.), 
Canary grass (Vhahiris sp.), and common oats were present in varying 
amounts in different seasons. This early vegetation was gradually replaced 
in May by Da 11 is (Puspahnn i hUitntum ) and Rermuda ( Cynodon dactylon) 
grass, with a small amount of carpet grass (Ajronopus convpressus) during 
wet summer months White clover reappeared during September and 
October with favorable growing conditions. Some minor grasses and edible 
weeds occurred at times The term “grass” is used hereafter for con- 
venience to include all of the above edible vegetation. Inedible vegetation 
so far as discernible was plucked out ol' each area just before cutting. 

Eight of the areas used were 3 - 7 feet and the rest 2x2 feet in size. 
With the exception of two areas in oats, or cage destruction by cattle, the 
same location was used continuously for five years. These caged areas 
were closely cut with a grass hook the first week in March of each year, and 
at approximately 30-day intervals thereafter during the growing season. 
The intervals were sometimes extended to avoid clipping grass on a rainy 
day or holiday. Because of slow’ growth, June and early July were com- 
bined in one cutting. The entire weight of fresh grass was recorded and 
individual samples taken for analysis. The average height of grass was 
determined by three measurements prior to clipping. Tt was observed 
during the first two years that samples of the same kind of grass cut on the 
same date checked closely, and thereafter one composite sample was used 
for similar grass each date. Analysis w^ere by standard methods adopted 
by the Association of Official Agricultural Chemists.* A 400 gram portion 
of each sample of grass was dried to constant weight at room temperature 
and from this the hay yield determined. The nutritive value (T. D. N.) 
was calculated from the coefficient of digestibility of peas and oats for early 
cuttings and for those of Bermuda for grass cut after May. 

# The aid of A. P. Kerr, Chief Chemist, and associates, is acknowledged in making 
all chemical analyses. 

Received for publication January 17, 1935. 
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TABLE 1 

Composition of pasture grasses cut monthly 1930-1934, Baton 
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Table 1 presents seasonal and yearly weighted averages of these grass 
clippings. The date of growth is for the larger part of the month listed. 
“February grass” was actually cut the first week in March. Likewise, the 
rainfall is for the period prior to clipping, rather than for the calendar 
month. Because of a late season and delay in placing cages, no samples 
were obtained early in 3930. AYe have been impressed all through this 
work by three important points, two of which are evident in glancing at 
this table. First, that the grass yields reached tw*o peaks, one for April and 
the other in August. The first is explained by the heavy yield of clover 
under the first favorable growing conditions of spring. This growth in 
turn so shades Bermuda and other summer grasses that several w r eeks of 
slow’ growth occur after the clover disappears. Distribution of rainfall is 
also poor as compared to late summer. Fooler night temperatures and lack 
of root reserve slows growth of grass in September and October. In graz- 
ing practice, one or more fields are allowed to grow for hay in May. all 
grazed in June and early July, and again surplus pastures cut for hay in 
August or September. That necessitates two or more fenced pastures for 
one dairy herd. Second, the early spring grass contains nearly twice as 
much crude protein as that cut in September. A gradual decline in protein 
and moisture content occurs with advancing season while fiber content 
increases. Fat content apparently decreases slightly with advance in sea- 
son, but nitrogen free extract and total ash were quite constant. Because 
of these changes, the computed total digestible nutrients per 100 pounds of 
grass tend to rise to 15 in mid-summer and then gradually decline. If the 
following coefficients of digestibility suggested by the pasture committee 
(1) (crude protein 75 ; crude fiber 79 ; nitrogen free extract 80 ; and fat 50) 
are used for ail samples, the nutritive value of all dippings average about 
27 per cent higher. The difference is even greater for late summer. One 
hundred pounds of September grass would contain 18.06 pounds, or 46.2 
per cent more total digestible nutrients by the use of these coefficients than 
computed in Table 1. The true value is probably somewhat less than these 
latter figures. As pointed out in a previous article (2), changes in protein 
are not as abrupt as the results indicate. The high percentage of non- 
protein nitrogen in immature grass gives a higher crude protein figure than 
actually exists. Late summer clippings are undoubtedly more mature, 
throughout representing the same length of growing time. Feeding prac- 
tices may be advantageously changed to fit pasture yields and composition, 
however. A third fact brought out has been the uniformity in analysis of 
grass samples clipped the same date, regardless of species, genera, or even 
family. Italian rye grass and oats cut in early spring are very similar in 
chemical analysis to clovers grown during the same period. Pure samples 
of Dallis, Bermuda, or carpet grass cut on the same date were much alike 
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in analysis. Rate of growth as affected by distribution of rainfall or tem- 
perature evidently is more important than species of plant in the resulting 
effect on chemical composition. 

Total rainfall for the period or during preceding period had a rather 
indirect effect on grass growth. The least rainfall occurred in 1931, the 
year of greatest growth, while the heaviest rainfall occurred in 1934, the 
year of lowest yield. Even distribution of rainfall, especially during the 
growing months of May, June, July, was responsible for large yields in 
1931, and the poor distribution for lower yields in 1930 and 1934. In 
general, low average minimum and maximum temperatures within a period 
were recorded when the best yields were obtained. This was especially 
true during the spring months of clover growth. 

During the first two years, nitrate and superphosphate were applied to 
duplicate areas. Neither had any effect on protein content of the grass. 
This checks with results obtained by the Florida (3), South Carolina (4), 
Delaware (5) stations, and other Louisiana work (6). Fertility causes 
faster and more total growth rather than affecting the plant's chemical 
composition. 

Sixty composite samples, collected during the first four years and air- 
dried, averaged 0.989 per cent calcium oxide and 0.778 per cent phosphorus 
pentoxide as previously reported (7). Late summer clippings averaged 
much lower in calcium and slightly lower in phosphorus than spring growth. 
No samples were low enough to indicate that an animal might suffer from a 
lack of these minerals if receiving all necessary nutrients from the grass. 

One observation for which we have as yet no explanation is that where 
cages were not moved in five years, the amount of clover appears to be less 
and grasses have increased in the early spring. 

SUMMARY 

1. Pasture yields were higher in April and August than other months 
when clipped at 30-day intervals for five years. 

2. February grass, calculated on a dry matter basis, contained nearly 
twice as much crude protein as that cut in September. Calcium, and to 
some extent phosphorus, decreased from spring to late summer. Dry mat- 
ter and fiber content increased as the season advanced, while other constitu- 
ents were quite uniform. 

3. Samples of grass representing the same growth period were quite 
similar in chemical analyses regardless of species or genera or fertiliser. 

4. Distribution of rainfall, maximum and minimum temperatures, and 
shading are some other factors that influence rate of growth and consequent 
analysis and yield of pasture vegetation under the condition of this experi- 
ment. 
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OXIDIZED FLAVOR IN MILK 

I. THE PROBABLE RELATION OF LECITHIN TO 
OXIDIZED FLAVOR* 

L. M. THURSTON,i W. CARSON BROWNi and R. B. DUSTMAN® 

West Virginia Agricultural Experiment Station , Morgantown 

It is generally believed that oxidized flavor is the taste-result of the 
oxidation of butterfat in milk. This belief has arisen from the fact that 
the flavor, once developed, tends to remain with the butterfat portion of 
milk during processing; and that the flavor never has been known to 
develop in skimmilk. However, one exception has been observed in the 
case of buttermilk, in which oxidized flavor has been known to occur (5). 

In 1916 Guthrie (2) reported that his results 4 ‘seemed to indicate that 
metallic flavor developed more rapidly and to a greater extend in cream 
that was rich in butterfat than in cream with a low fat content. The 
flavor was very strong in samples of soft-cream cheese, but was never 
noticed in cottage cheese which contains practically no butterfat. When- 
ever the flavor was found in whole milk it was always near the surface, 
in the cream, and it was never observed in skimmed milk. For some 
reason, however, it was often found in buttermilk. With the exception of 
buttermilk, metallic flavor was never found in a dairy product that was 
low in butterfat content.” It is questionable whether the metallic flavor 
referred to by Guthrie is identical with so-called oxidized flavor. The 
term oxidized flavor, referring to the off -flavor caused in milk by dissolved 
copper or iron, sometimes has been called eappy, cardboard, metallic, oily, 
tallowy, oily-tallowy, emery, and corundum. Tracy, Ramsey, and Ruehe 
(6) have shown that small amounts of copper dissolved in milk fail to 
produce tallowy (oxidized) flavor when considerable grow r th of micro- 
organisms has occurred, yet the metallic flavor observed by Guthrie devel- 
oped in cream and buttermilk during and after the growth of lactic acid 
bacteria in amounts sufficient to cause souring. Nevertheless Guthrie’s 
observations of the development of metallic flavor in sour buttermilk are 
strikingly similar to those of the authors in the case of the development of 
oxidixed flavor in sweet-cream buttermilk. 

Received for publication December 6, 1934. 
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The development of oxidized flavor in buttermilk, when no other dairy 
product of like butterfat content supports this flavor, suggests that the 
lecithin adsorbed on the fat globules is the constituent first affected when 
oxidation occurs, and that the butterfat may be oxidized little or not at all 
in the average case. The finding (5) that lecithin purified from dry 
buttermilk and having become oxidized during purification imparts a 
typical oxidized flavor to skimmilk when dispersed in it lends further 
support to this suggestion. In addition, the report of Henderson and 
Roadhouse (3) that milk fat from milk of oxidized flavor has passed only 
a fraction of its oxygen-uptake induction period indicates little likelihood 
that the oxidation of the milk fat had proceeded far enough to become 
oxidized or to impart oxidized flavor. The facts that at least one double 
bond occurs in the milk-lecithin molecule; that lecithin in purified state 
oxidizes readily; and that lecithin makes up a portion of the adsorbed layer 
on the butterfat globules and, therefore, probably is exposed to the action of 
oxidizing agents before the butterfat, are further evidence in support of a 
belief that lecithin, rather than butterfat, is the constituent affected when 
oxidized flavor develops. 

EXPERIMENTAL 

Removal of Adsorbed Substances 

If the constituent in which oxidized flavor develops is one of those 
adsorbed on the butterfat globules in milk it should be possible to obtain 
butterfat free of oxidized flavor by reirtbval from the globules of adsorbed 
materials. Accordingly, six trials designed to accomplish this objective 
were planned. Five of these trials were carried out in the manner 
described below. 

Twenty gallons of selected milk, in well-tinned ten-gallon cans, were 
placed in cold storage immediately after milking. Morning’s milk was 
used in each case, and pasteurization followed milking within two hours. 
Pasteurization was accomplished by placing the cans of milk in a tank 
fitted with a water inlet and a steam jet, heating to 144° F. and holding 
for 30 minutes. Into one can of this milk was placed 0.01 per cent of 
powdered copper before pasteurization, whereas the other milk was not 
treated but was used as a control batch. After pasteurization both batches 
were cooled. The milk to which no copper had been added was cooled to 
about 70° F. and processed immediately by a procedure which will be 
described later. The milk to which powdered copper had been added was 
cooled to 40° F. and placed in two large glass bottles which then were 
immersed in ice water, and air was bubbled through the milk for 24 hours. 
This treatment was found to cause the development of a strong oxidized 
flavor. Previous experiments had shown that no off-flavors were produced 
by air treatment of milk to which no copper had been added. The milk 
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then was heated to 65 or 70° F. and separated. The cream was standard- 
ized to 35 per cent butterfat with skimmilk just separated from it. 

The cream from each batch was divided into two lots. Lot 1 cream 
was churned in a glass churn and its butter and buttermilk tasted to detect 
the presence of any oxidized flavor. 

Lot 2 cream was converted into washed butterfat in order to remove 
from the butterfat the substances adsorbed on the fat globules. The cream 
was diluted to a volume of about three gallons with water at approximately 
300° F., separated by means of a l)e Laval No. 17 separator, rediluted, and 
separated until the cream had been washed 14 times or more. Near the 
end of this procedure a noticeable oiling oft* of the butterfat occured, which 
indicated that the fat globules no longer were stabilized. Further wash- 
ing caused a complete oiling off of the butterfat. 

In order to determine whether the treatment described above caused the 
removal of the lecithin contained in the film originally adsorbed on the fat 
globules, three different butterfats prepared in this way were analyzed for 
organic phosphorus. For this determination the fats were fused in a mix- 
ture of two parts sodium carbonate and one part potassium nitrate. After 
fusion the mixture was dissolved in hot water and hydrochloric acid and 
phosphorus was determined by the colorimetric method of Fiske and Sub- 
barow (1). No trace of phosphorus was found in any of the samples, thus 
indicating that the washing removed all or practically all of the phospho- 
lipids adsorbed on the fat globules in the original milk. 

The washed butterfat was redispersed in fresh skimmilk of good flavor 
by homogenizing at a pressure such that the fat globules were approxi- 
mately of the same size as those in the original whole milk as shown by 
comparison under the microscope. Milk prepared in this way will be 
referred to as remade milk. 

An attempt was made to develop oxidized flavor in the remade milks in 
order to determine whether or not development is possible in milk contain- 
ing butterfat globules from which the “hull” substance has been removed. 
Accordingly such remade milk was treated with 0.01 per cent of copper 
powder, pasteurized and air bubbled through as described above except 
that the air treatment was continued for 36 hours. 

To determine if the butter oils from these batches were oxidized, a 
Kreis test was made on each fat. The results did not indicate even the 
slightest degree of oxidation in any of the samples of butter oil. 

The control batch of milk differed from the experimental batch only 
in that no copper was added to it and no air treatment given. It was sep- 
arated fractioned in the same manner as the experimental batch. 

A sixth experiment was conducted in the same manner as the five de- 
scribed above except that the oxidized flavor was developed by the method 
of Tracey, Ramsey and Ruehe (6). Their method consisted of adding a 
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soluble copper salt to the milk at the rate of 2,6 parts per million of copper 
and storing at a low temperature until the oxidized flavor developed. A 
storage period of 24 hours was required 

The results of the six experiments described above are shown in 
Table 1. 


TABLE 1 

The distribution of oxidised flavor in milk fractions — (Results of six trials ) 


FRACTION 

♦control 

♦treated with 

0 01 % cu 

Original milk 

- 

- 

After pasteurization 

- 

- 

After air treatment 

- 

44-f 

Cream 

- 

-H-H- 

Skimmilk 

- 

m 

Butter 

- 

it I 4 

TTTT 

Buttermilk 

- 

| j . j , | 

Washed butterfat 

- 

+ 

Remade milk 

Studies of Remade 

[ilk 


1. Pasteurized with copper 

_ 

- 

2 . Pasteurized without copper 

- 

- 

No. (1) Submitted to air treatment 

_ 

_ 

No. ( 2 ) Submitted to air treatment 

- 

- 


# + Indicates oxidized flavor present. 
-Indicates no oxidized flavor present 


The results of the foregoing experiments indicate that a large propor- 
tion of the oxidized flavor occurred in the substances adsorbed on the fat 
globules. When these substances were removed from the butterfat and 
the butterfat redispersed in fresh skimmilk of good flavor, no oxidized 
flavor could be detected in the resulting remade milk. Of still greater 
significance is the fact that treatment of this milk by the procedure known 
to cause the development of oxidized flavor in normal milk failed to develop 
oxidized flavor in the remade milk 

Flavor determinations on the samples of the oxidized-flavored milk 
showed the intensity of the flavor to be increased in cream, buttermilk, 
and butter, and to have about the same degree of intensity in the skim- 
milk as in the whole milk. An examination of the data of Holm, Wright, 
and Deysher (4) given in Table 2 shows that the phospholipid content of 
these fractions is closely correlated with the intensity of the oxidized flavor 
found in the fractions studied in the experiments here reported. 

Use of oxidized butterfat : During the course of tasting samples of 
milk of oxidized flavor it seemed to the authors that the oxidized flavor 
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TABLE 2 

* The phospholipid content of milTc and Us products 


PRODUCT 

PAT CONTENT 

rJIOSPIlOLIPID 

CONTENT 

Whole milk . 

2.55 

.152 


3.80 

.158 


4.34 

.153 

Skimmilk 

0.07 

.137 


0.11 

.129 


0.10 

.123 

Cream 

27.00 

.224 


34.00 

.269 


42.00 

.284 

Butter 

86.5 

.224 


85.7 

.247 


85.5 

.269 

Buttermilk 

.96 

.284 


1.54 

.318 


1.64 

.382 


* Excerpts from the data of Holm, Wright, and Deysher (16). 


was not typical of that of oxidized or slightly tallowy butterfat. Accord- 
ingly an experiment was planned to make a study of this point. 

Butterfat free or practically free of lecithin was prepared by the wash- 
and one short tube. The flask then was placed in an oven controlled at 
pared was placed in a liter flask, fitted with a rubber stopper through which 
were inserted one glass tube reaching pearly to the bottom of the flask 
and one short tube. The flask then was placed in an oven controlled at 
75° C d= 0.5°, and oxygen was bubbled through the butter oil until it be- 
came tallowy. The tallowy butter oil then was dispersed in skimmilk of 
good flavor by means of homogenization, the fat percentage of the remade 
milk being kept at about 4 per cent. 

The tallowy flavor of this remade milk was pronounced and disagree- 
able. By successive dilutions with normal 4 per cent milk of good flavor, 
milks having varying intensities of tallowy flavor were obtained. When 
these samples were compared with those in which oxidized flavor had been 
produced by means of the addition of small amounts of ferrous chloride, 
the flavor of the samples containing the tallowy butterfat was distinctly 
different from that of the samples in which oxidized flavor had been pro- 
duced. Even the most highly-diluted samples containing the tallowy 
butterfat yielded the typical tallowy flavor of oxidized butter oil, whereas 
the oxidized flavor of the milk samples treated with ferrous chloride was 
less disagreeable and more nearly resembled what may be termed oily- 
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stale. The latter flavor was similar to, if not identical with, the flavofr 
previously produced in skimmilk by the dispersion in it of oxidized lecithin. 

The experiment described above was repeated and the results obtained 
were identical. The experiment also was repeated with the variation that 
the butter oil was only slightly oxidized before being dispersed in skimmilk. 
In this case, as before, the flavor of the remade milk was tallowy, whereas 
the milk in which oxidized flavor had been developed by means of the 
addition of ferrous chloride and storage at low temperature was distinctly 
different in flavor, having an oily-stale taste. 

CONCLUSION 

Lecithin, rather than butterfat, appears to be the constituent of milk 
affected when oxidized flavor develops. 

These results indicate that so-called oxidized flavor is not identical with 
the tallowy flavor of oxidized butterfat. 
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A STUDY OF FACTORS INFLUENCING THE SEPARATION OF 
WHEY IN ICE CREAM MIXES CONTAINING 
VEGETABLE STABILIZERS* 

I. A. GOULD and P. S. LUCAS 

Section of Dairy Husbandry , Michigan State College , East Lansing 
INTRODUCTION 

Various vegetable products, composed chiefly of gums, have been placed 
on the market as ice cream stabilizers. Because of their lower cost, these 
substances have been suggested for use in place of gelatine to stabilize the 
ice cream mix, and to aid in producing a smooth ice cream, free from objec- 
tionable ice crystals. 

Studies on the efficiency of the vegetable stabilizers have been made 
by Prescott, Heifetz, and Stanley (1), Caulfield and Martin (2), and Lucas 
and Gould (3). All of these investigators noted a wheying off of the ice 
cream mix containing certain of the vegetable products after a few days 
storage. The solids of the mix showed a tendency to rise to the surface 
leaving a comparatively clear whey in the lower portion of the container. 

Caulfield and Martin (2), assumed the wheying off of the mix to be 
caused by an enzyme present in the vegetable stabilizer since heating of 
the mix to 175° F. for 5 minutes decreased the whey separation. In another 
study (4), it was noted that the separation increased with an increase in 
the storage temperature, and decreased as the storage temperature was 
lowered. 

SCOPE OF INVESTIGATION 

Because of the lack of information regarding the separation of whey 
in ice cream mixes stabilized with vegetable products, and because of its 
direct commercial importance, this defect was subjected to a more intensive 
study to determine the effects of certain practices on the extent of the whey 
separation. 

The several factors considered in this study are: variations in the 
amount of stabilizer used; heating the stabilizer; different temperatures of 
pasteurization of the mix ; heating the milk products used in the ice cream 
mix ; varying amounts of serum solids ; varying amounts of fat ; and incom- 
plete cooling of the ice cream mix. 

PROCEDURE 

Only one stabilizer was selected for this study. The vegetable product 
used was the one causing the greatest wheying off of the ice cream mix in 
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a previous study (3). This was also the stabilizer listed as “C” in the 
work of Caulfield & Martin (2) who found that the product contained 9.79 
per cent moisture, 35.5 per cent gum, 50 per cent reducing sugar, 2.75 per 
cent protein, and 0.45 per cent ash. It was thought that the findings 
secured from a study of this one stabilizer could be applied as well to those 
other stabilizers which, w r hen used in an ice cream mix, bring about whey 
separation to a greater or lesser degree. 

An ice cream mix containing 12 per cent fat, 15 per cent sugar, and 
10 per cent serum solids was used. The ingredients of the mix were 30 per 
cent cream, 4 per cent milk, dried skim milk testing 97 per cent serum 
solids, and the stabilizer. Unless otherwise specified, approximately 0.4 
per cent of the stabilizer was used throughout the trials. The stabilizer 
was added with the sugar after the mix had been brought to a temperature 
of about 100° F. 

Small eighteen pound batches were prepared, pasteurized at the desired 
temperature in three-gallon cans in a water bath, and then viscolized. The 
batches were cooled to about 75° F. by pouring over a tubular surface cooler 
through which water was running. Small samples of each batch were 
further cooled to 50° F. by placing them in ice water. After cooling, 
samples were placed in 100 cc. graduates and slored in an electric refriger- 
ator maintaining a temperature between 42° F. and 46° F. The whey 
separation was observed after varying periods of storage. 

In those trials in which the powdered stabilizer was heated, the heating 
was carried out by using the solids jplate and solids vacuum oven of a 
Mojonnier tester. The solids plate was maintained at 180° C. and the 
vacuum oven at 100° C. A vacuum of 20 inches was maintained in the 
vacuum oven during the drying. The powder was spread uniformly over 
the bottom of a flat pan approximately five by nine inches in size. 

When either a suspension of the stabilizer or a mixture of the milk 
products used in the mix was heated to high temperatures, the substance 
being heated was placed in a round bottom glass flask suspended in a salt 
solution. 

RESULTS 

The Effect on the Whey Separation of Varying Amounts 
of the Stabilizer 

Although the recommended amount of the stabilizer to use was 0.4 per 
cent, variations by 0.1 per cent in the concentration from none to 0.5 per 
cent were tried, and the mix examined for whey separation after different 
periods of storage. The results are given in table 1. 

The results showed that concentrations of the stabilizer as low as 0.1 
per cent caused a separation of the whey. However, it was observed that 
in the samples containing 0.1 per cent, the separation was never as distinct 



VEGETABLE STABILIZERS 


309 


TABLE 1 

The tffcet on whey separation u'h< n different amounts of the stabilizer Wfre used. 

( Ave . 4 trials ) 


l'BIt CENT 
RTAMLIZER 


l»Elt (’ENT 

WTIKY SLPARA'I ION AFTER 


TSKI) 

4 hrs 

| 8 ll!S 

| 24 hr*. 

I 48 hrs 

72 hrs 

0.0 

0.00 

0.00 

0.0 

0.0 

0.0 

0.1 

0.00 

0.20 

1.5 

4.0 

8.0 

0.2 

0.56 

1.70 

7.0 

23.0 

27.0 

0.3 

0.25 

2.30 

17.0 

43.0 

51.0 

0.4 

0.00 

0.20 

14.0 

41.0 

49.0 

0.5 

0.00 

0.20 

17.0 

47.0 

51.0 


as in those samples with larger amounts of the stabilizer. Furthermore, 
the separated whey was usually extremely milky in appearance. 

Tt is interesting to note that the whey separation appeared more rapidly 
in the samples containing only 0.3 to 0.4 per cent than in those containing 
0.5 per cent. The appearance of whey after only four hours of storage did 
not occur generally throughout the trials. After eight hours of storage, 
however, many of the samples containing 0.3 and 0.4 per cent of the stabil- 
izer showed slight whey separation. 

After 24 hours of storage, the amount of whey separation varied directly 
with the amount of the stabilizer used. There was little difference between 
the total whey separation after 72 hours in the samples containing 0.3 per 
cent or more of the stabilizer. An average of about 50 per cent of whey 
showed at the final reading. 

The Effect on Whey Separation of Different Temperatures of 
Pasteurization of the Mix 

Since it had previously been noted (2) that heating the ice cream mix 
containing the vegetable stabilizer to 175° F. for about five minutes 
decreased the amount of whey separation, a further study was made to 
ascertain the effect of different pasteurizing temperatures on the appear- 
ance of whey. 

The ice cream mix was divided into three lots. Lot 1 was pasteurized 
at 145° F. for 30 minutes, Lot 2 was pasteurized at 165° F. for 30 minutes, 


TABLE 2 

The effect on whey separation when the mix was pasteurised at different temperatures. 

{Ave. 6 trials) 


LOT NO. 

TEMr. OF 
PAST < # F.) 

| PER CENT WHET 

SEPARATION AFTER 

24 hrs 

48 hrs 

72 hrs 

90 hrs 

1 

145 

4.0 

23.0 

38.00 

45.0 

2 

165 

0.3 

5.0 

37.00 

26.0 

3 

175 

0.0 

0.2 

1.4 

4.7 
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and Lot 3 was pasteurized at 175° for 30 minutes. The amount of whey 
separation noted in these samples after storage is given in table 2. 

These averages show distinctly the beneficial influence of higher pasteur- 
izing temperatures on eliminating, to a large extent, the separation of whey. 
Apparently, there is an inverse relationship between the temperature of 
pasteurization and the whey separation. It is interesting to note, however, 
that the highest pasteurizing temperature of 175° F. for 30 minutes did 
not entirely eliminate the trouble. 

The Effect on Whey Separation of Drying and 
Heating the Stabilizer 

To determine specifically if the stabilizer alone contained the causative 
agent of whey separation, the stabilizer, both in powdered form and in sus- 
pension, was subjected to various conditions of desiccation and heat before 
using in the mix. 

A study was made first on the effect of abnormal conditions of drying 
the powdered stabilizer on the whey separation of the mix. The drying 
was carried out by using the solids oven of the Mojonnier tester in the 
manner outlined in the procedure. The results, as shown in table 4 indi- 
cate that the whey separation Is not retarded by drying the powdered 
stabilizer for periods as long as 60 minutes In fact, the few trials of the 
longer heating periods show the heating to actually increase the whey 
separation, but this increase may be due to other factors involved in the 
processing of the mix. 

TABLK 3 

The effect on whey reparation when the powdered stabiliser was dried at 100° C. in 20 
inches of vacuum for vaiymg lengths of time 



NO. OF 

LBMjTH of 

l’EIl CBM OF WIIE1 SEPARATION AF'JEU 


TRIALS 

TIME 

HEATED 

21 Ilia 

48 hr* 

72 hrs. 

1 

6 

0 min. 

0.8 

13 

30 

2 

3 

10 

it 

1.5 

14 

27 

3 

4 

20 

1 1 

3.0 

13 

26 

4 

3 

30 

t i 

10.0 

32 

47 

5 

3 

40 

t t 

9.0 

34 

49 

6 

2 

50 

a 

2.0 

26 

46 

7 

2 

60 

it 


20 

39 


Since the drying of the powdered stabilizer at 100° C. did not influence 
the whey separation, it was thought that possibly more efficient means of 
heating the stabilizer could be obtained if the stabilizer were first put into 
solution and this solution heated. It appeared logical to assume that if the 
agent causing the whey separation was present in the stabilizer and was 
enzymic in nature, it could be inactivated by heating to near boiling 
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temperature. A method of heating the stabilizer in solution, therefore, 
appeared to be the most satisfactory. 

A water solution of the stabilizer was prepared which contained enough 
stabilizer to make a concentration of 0.4 per cent in the ice cream mix. 
The solution was heated to 200° F. to 205° F. for two and one-lialf hours. 
It was then cooled and added to the ice cream mix. The mix was processed 
in a normal fashion and the whey separation observed after varying inter- 
vals. The results obtained are shown in table 4. 

TABLE 4 

The iff<ct on whey separation when a solution of thi stabilizes wan heated to a high 
tnnpnatuie he fore adding to the nur 


'J IU AT) 

| PFR CENT Or W H I 1 SRf’AKMTON AFTFR 

\ 24 hra 

iS lira 

72 hit. 

I 00 Ins 

1 

1 0 

2 

9 

18 

2 

0.0 

5 

12 

22 

3 

1.5 

9 

19 

32 

4 

0 0 

0 

1 

3 

5 

00 

0 

1 

3 

6 

0 5 

5 

13 

21 

7 

2 0 

3 

6 

11 

8 


5 

18 

27 

9 


5 

18 

28 

Ave . 

0 7 

3.8 

10.8 

1 8.3 


When these results are compared with those in lable 3, it may be noted 
that the heating of the stabilizer in solution retarded the whey separation 
to some extent. However, the separation of whey w r as by no means elimi- 
nated even with this high heat treatment. 

The Effect on Whey Separation of Renting the Milk Products 
Used in the Ice Cream Mir 

Another possibility of a cause for at least part of the whey separation 
of the mix is the milk and milk products it contains. In order to deter- 
mine if some property of the milk, cream, or dried skimmilk was aiding or 
completely causing the “wheying off” of the mix, another pasteurizing pro- 
cedure was followed. 

The mix was prepared as before but without the stabilizer and sugar. 
It was divided into three lots which w r ere pasteurized for 30 minutes at 
145° F., 165° F., and 175° F., respectively. After pasteurizing, the mix 
was cooled to 145° F. where the stabilizer and sugar were stirred into the 
respective lots. The mixes were then processed in the usual manner. The 
per cent of separation of whey as noted after varying storage periods is 
given in table 5. 
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TABU 5 

The effect on whey separation uhen the mil product s wne pasteuused at different tem 
peratures "before adding the stabilizer ( Aie 8 trials) 


LOT ! 

1 AST 

tfmi ( °r ) 

j )FR(mOKWIFYSPI \R\1DN 

VI IKK 

| 24 hr* 

48 hr* | 

72 hts 

| l>f> hrs 

1 

145 

70 

26 

37 

41 

2 

165 

03 

4 

33 

22 

3 

175 

00 

1 

5 

10 


The results of these eight trials show the higher pasteurizing tempera- 
tures to bring about a decided decrease m both the rapidity of appearance 
of whey separation, and m the total amount of whey noted after 9b hours 
When the milk products weie pasteurized to 175° F foi 30 minutes no 
whey separation was observed m the mix foi 48 hours and then the amount 
was small In the lots pasteurized at 145° F and 165° F whey separation 
was observed usually at 24 hours although the amount appearing m the 
165° F lot was usually very small or, m some tuals no separation was 
detected 

To determine if the wheying off of the mix could be entirely prevented 
by heating the milk products, the milk cream, and sknnmilk powder weie 
heated to 205° F for one hour The> were then cooled to 145° F and the 
mixture of sugar and stabilizer added The mix was furthei processed as 
pievious mixes The results aie gnen m table b 

1 ABJ P'C 

Ihe effect on uhey separation uhen the milk prodwts of the mir ueic heat id to got 0 Jf 

for one houi 


lEU. CKNl WHLV SFJ- AHA I ION AFTFR 



24 his 

48 hrs 

72 hi s 

»0 hiK 

3 

00 

00 

0 00 

0 25 

2 

00 

00 

0 00 

0 00 

3 

00 

00 

0 00 

010 

4 

00 

05 

too 

2 50 

5 

00 

00 

0 00 

0 75 

6 

00 

00 

o 

1C 

ji 

0 75 

Ave 

00 

~ 0 08 

0 2 

~~ 0 72 


These results show that the heating of the milk products to an extremely 
high temperature greatly reduced the tendency of the mix to show whey 
separation In only one of the six trials was any whey observed after 48 
hours of storage, and m only two trials was any observed after 72 hours 
of storage In the majority of the trials a slight amount of whey separa- 
tion was noted after 86 hours of storage, but in only one (Trial 4) did the 
separation exceed one per cent 
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The Effect on Whey Separation of Different Percentages of 
Serum Solids in the Mix 

The composition of the mix was varied so that the serum solids content 
of three lots was respectively 8, 10, and 12 per cent serum solids. The whey 
separation observed after various storage periods is recorded in table 7. 


TABLE 7 

The effect on whey separation when different percentages of serum solids were used in 

the mix. ( Ave . 4 trials ) 


PEE CENT 

| PEIt CENT WIIET SEPARATION AFTER 

SKRT’M SOI. IDS 

21 hrs 

48 hrs 

72 hrs. 

1)6 hrs. 

8 

5.0 

15 

20 

25 

10 

8 0 

| 19 

25 

31 

12 

5.0 

11 

19 

30 


These results indicate that there is no correlation between the percentage 
of serum solids of the mix and the amount of whey separation. 

The Effect on Whey Separation of Different Percentages of 
Fat in the Mix 

Maintaining the serum solids content of the mix at 10 per cent, mixes 
were prepared containing respectively 10, 12, and 14 per cent of fat. The 
results are given in table 8. 

TABLE 8 

The effects on whey separation when different pneentages of fat were used m the mix. 

(Ave. 8 (rials) 


PER CENT WJlEY SEPARATION AFTER 


PER CENT 

FAT 

24 hrs. 

| 48 hrs 

72 hrs. 

96 hrs. 

10 

42 

48 

52 

54 

12 

18 

1 22 

24 

27 

14 

17 

24 

26 

30 


These figures show that the fat may have an influence on the amount 
of whey separation. A comparatively low fat content of the mix, i.e., 10 
per cent, seemed to favor greater whey separation than did a higher per- 
centage of 12 to 14 per cent. However, this did not hold strictly true in 
all the trials. There was no noticeable difference in the amount of whey 
appearing in the higher fat mixes. 

The Effect on Whey Separation of Incomplete Cooling of the 
Mix After Pasteurization 

After pasteurization and viscolization, the mix was divided into two 
lots. Lot I was cooled by ice water to 50° F., wdiile Lot II was cooled only 
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to 65° F. They were then stored and examined at proper intervals for 
whey separation. The results are given in table 9. 


TABLE 9 

The effect on whey separation of incomplete cooling of the mix. (Ave. 6 trials ) 




T'LH 

(TNT VUIK1 SEPARATION AFTER 


FINAL 1KMP. BEFORE 





LOT NO. 

STORING ( °F ) 

24 hrs j 

48 hrs. j 

72 hrs 

96 hrs 

I 

50 

n 

25 

44 

48 

II 

65 

33 

27 

45 

48 


The values shown in this table indicate that the incomplete cooling of 
the mix had no effect on the whey separation. Undoubtedly, the tempera- 
ture of the storage room is an important factor in this connection as pre- 
viously shown (4). 

SUMMARY 

1. Whey separation was observed in samples containing as little as 0 1 
per cent of the vegetable stabilizer after 96 hours of storage at 42°-46° F. 

2. Using normal amounts of the stabilizer, i e , from 0 3 per cent to 0.5 
per cent, and under the conditions of the experiment, a whey separation of 
approximately 50 per cent was noted after four days* storage. 

3. Pasteurization of the mix was carried out at temperatures of 145° F., 
165° F. and 175° F. for 30 minutes. The use of higher temperatures for 
pasteurization caused less whey separation. After 96 hours of storage the 
samples pasteurized at 145° F. showed 26 per cent separation, and those 
pasteurized at 175° F. showed an average of 4.7 per cent whey separation. 
The higher temperatures also retarded the rapidity with which the whey 
separation appeared. 

4. Drying of the powdered stabilizer at 100° (\ and under 20 inches 
of vacuum for as long as one hour did not affect its property of causing 
whey separation. 

5. Heating a water suspension of the stabilizer to 205° F. for two hours 
retarded the rate and diminished the total amount of whey separation 
appearing in the mix when the stabilizer was used. It was, however, not 
reduced to the extent expected An average of about 18 per cent of whey 
was observed after 96 hours of storage. 

6. Pasteurization of the milk products to 165° F. or 175° F. for 30 
minutes before adding the stabilizer, brought about a reduction in the whey 
separation which was not greatly different from the results obtained by 
pasteurization of the products plus the stabilizer at similar temperatures. 

7. The greatest reduction in whey separation was obtained when the 
milk products used in the mix, i.e., milk, cream, and skimmilk powder, were 
heated to 205° for one hour before the stabilizer was stirred in at 145° F. 
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By this method the separation of whey was negligible after 72 hours of 
storage, and showed an average of less than one per cent after 96 hours. 

8. The percentage of serum solids in the ice cream mix had no effect on 
the whey separation. 

9. A mix having a low percentage of fat seemed to favor the separation 
of whey more than a 12 or 14 per cent fat mix. 

10. Incomplete cooling of the mix had no influence on the whey separa- 
tion provided the mix was cooled to about 65° P. after pasteurization. 

CONCLUSIONS 

Prom the results obtained in this study, it would seem that the principal 
factor involved in the whey separation is concerned chiefly with the milk 
products used in the mix, rather than with the stabilizer. There appar- 
ently is a reaction, or combination, between the stabilizer used and some 
natural constituent of the milk, cream, and skimmilk powder to bring about 
the separation of whey. 

This natural constituent of the milk products is, at least partly, heat 
labile. The whey separation may be due to enzymic action, but this does 
not appear to be so logical when it is considered that heating of the milk 
products for an hour did not entirely eliminate the defect. The proteins 
are probably closely involved with the separation as well as certain salts 
of the mix. 

The elimination of the separation of whey by any practical plant method 
does not appear feasible. When a stabilizer is used which causes whey 
separation, the use of high temperatures of pasteurization is perhaps the 
best means of limiting the extent of the separation. 
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THE NEUTRALIZING POWER OF FORAGE CROPS FOR 
ORGANIC AND MINERAL ACIDS 
J. K. WILSON 

College of Agriculture, Cornell University, Ithaca, N. F. 

Plant materials differ widely in their chemical composition. In most 
cases cereals and grasses contain a smaller percentage of basic materials 
such as calcium, potassium, magnesium and nitrogen and a larger per- 
centage of readily fermentable carbohydrates than do the legumes. These 
differences in the ratio of the fermentable sugars to the basic constituents 
in the non-legumes and in the legumes may have a definite effect on the 
quality of the silage that can be made from these forage crops. 

SUGGESTIONS FROM PREVIOUS WORK 

The comparative neutralizing power of non-leguminous and leguminous 
types of silage materials for organic and mineral acids is unknown. Lem- 
merman (3) made extracts of Graminae and Leguniinosae by boiling the 
plant roots in water and using a hand press. He observed that three to 
four times as much barium hydrate was required to neutralize the acids in 
the extracts of vetch and white clover as was required to neutralize the acids 
in the extracts of timothy and buckwheat. This shows a fundamental dif- 
ference between these two types of plant materials. \ 

It was pointed out by Wright and Shaw (7) that both reducing and 
non-reducing sugars disappear almost completely during the fermentation 
of both corn and soybean silages and that, these sugars are converted into 
organic acids which preserve the material. Blish (2) concluded that the 
kind of acids produced was more important than the amount of acids. His 
data show that the quality of two samples of sunflower silage was good 
despite the fact that the amount of acids of one was less than one-half that 
of the other and that a third sample which contained an amount of acids 
between that of these two completely spoiled. This spoiled sample con- 
tained a strong odor of butyric acid while the others did not. The chemical 
analysis shows that the sugar content of the plant materials which produced 
the best type of acidity and thus a good silage was seven times that of the 
sugar crop that completely spoiled. The protein content of these samples 
was about the same. This may indicate that a wide ratio between the 
fermentable carbohydrates and the other materials such as nitrogen must 
be present before good silage can be expected. In fact Blackshaw (1) 
acted on this suggestion and studied the ratio between the protein and the 
fermentable carbohydrates of the more common crops grown and used for 
silage making in Rhodesia and their ability to produce good silage. He 

. Received for publication January 28, 1935. 

317 



818 


J. K. WILSON 


found that maize which is relied upon to produce good silage surpassed in 
sugar content all the other crops examined. 

Wright and Shaw (6, 7) concluded that the content of fermentable car- 
bohydrates is sufficient to produce the proper degree of acidity in the silage 
from any green crop, barring a few exceptional cases, and that the only 
other chemical qualification necessary to a succulent silage is the proper 
moisture content. They state that any forage crop which is palatable as 
a forage crop will be palatable as silage if the moisture content is right. 

A WORKING VIEWPOINT 

Some important determinations and points in silage making which have 
been made and observed by previous investigators suggest a new working 
viewpoint. It is presented briefly. The successful natural conversion of 
plant materials into silage is accompanied by the formation of organic acids. 
As the acidity of the fermenting plant materials approaches a certain pH 
value the fermentation is automatically retarded. If an insufficient quan- 
tity of acid producing carbohydrates is available and the proper degree of 
acidity fails to develop either from this cause or for any reason such as the 
neutralizing effect of the plant bases on the acids, putrefaction of the ensil- 
ing material may occur to a larger or smaller degree and the quality of the 
product may be materially reduced accordingly. This suggests that in such 
a process cereals, grasses and other non-leguminous plant materials which 
have been used successfully in making. silage contain more sugar and less 
basic substances like calcium and nitrogen than the legumes such as clover, 
alfalfa and soybeans which usually produce poor silage or putrify, and 
that these basic substances in the leguminous materials neutralize and 
adsorb to a larger extent the acids which are produced in fermentation as 
fast as they are formed than do the non-leguminous materials. This may 
indicate that a larger quantity of acids must be produced in leguminous 
silage than in non-leguminous silage if the degree of acidity of the two 
materials is to be the same at the end of the fermentation processes. Also, 
if the first acids produced in a legume silage fermentation are used up in 
combining with bases it allows considerable time for a certain amount of 
putrefaction to occur before enough acidity develops to interfere with the 
putrefactive process. These fundamental differences in the character of 
the two types of plant materials may result not only in different types of 
fermentation but also in different qualities of the fermented product. 

The acids produced in such fermentations which seem most desirable 
are lactic, acetic and propionic. The quantity of each acid formed is 
probably related to the environmental conditions, such as temperature and 
moisture. Only a certain amount of these acids is ever produced. Appar- 
ently their formation is controlled in the silo, where anaerobic conditions 
largely prevail, by the supply of sugars that the plant materials contain. 
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PROBLEM AND METHODS 

With the above viewpoint in evidence a study of the neutralizing power 
of leguminous and non-leguminous forage crops as they relate to the pro- 
duction of silage seemed desirable. Data obtained from such a study are 
presented in this paper. It is believed that such data may lead to a better 
understanding of the practices necessary to properly ensile leguminous 
forage crops. This has a special bearing in New York State where poor 
weather conditions often prevent the process of hay making from freshly 
cut material. 

Since silage can be made readily from non-legumes and with consider- 
able difficulty from legumes it would seem that a study of this problem in 
relation to the basic substances that the plant materials contain as measured 
by their power to neutralize acids may aid in understanding the frequent 
spoilage of silage due to undesirable fermentations. 

A wide variety of crops and plant materials were used in this study 
in order to obtain a true picture of the neutralizing and adsorbing power 
of silage materials. They represent both legume and non-legume forage 
crops. They were obtained at a stage of growth at which they normally 
would be taken for hay, fodder, silage or seed. After drying they were 
ground in a Wiley mill so that acids could rapidly penetrate into every 
particle. One gram portions of the chaffed crop materials were placed in 
beakers and 25 ml. distilled water added. A definite quantity of acid w r as 
then added to the suspensions. Although the action of the crop materials 
on the acids seemed to be immediate, the pH reading of the mixtures was 
not recorded until after the suspensions had stood for at least five minutes. 
Each of the acids w r as balanced so that 30 ml. would exactly neutralize 30 
ml. of a 0.1 normal NaOH solution. This provided equal quantities of acid 
in each solution. The degree of acidity of the crop materials before and 
after the addition of the acids was determined by the quinhydrone method. 
It was assumed that the pH readings thus obtained would indicate the 
neutralizing and adsorbing capacity of the chaffed one gram portions. It 
was desired to express the intensity factor of acidity rather than the quan- 
tity of acid substances present because it is known that only a few organ- 
isms can produce from soluble carbohydrates an intensity factor greater 
than that expressed by pH 4.5 and because this seems to be near the inten- 
sity required to successfully preserve silage materials. It was desired 
therefore to know how much acid was required to produce an intensity 
factor near this figure. At the Ontario Agricultural College (4) the colori- 
metric method was used for pH determinations. The lowest intensity 
factor of acidity found at any time during the fermentation of sweet clover 
was pH 4.4 although the freshly cut samples ranged from pH 6.6 to 6.9. 
This report from the Ontario Agricultural College states that good corn 
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silages which were tested by this method gave an average intensity factor 
of pH 4.0. 

RESULTS 

The intensity factor of a water-suspension of one gram of each non- 
leguminous plant material before and after being exposed to 3 ml. of 0.1 
normal acids is given in table 1. 


TABLE 1 

Neutralising power of forage crops for organic and mineral acids 




NON-l.RUU m inouk crop material 

AND pH 


3 ml N 0.1 

ACID 

Corn 

Sorghum 

Foxtail 

Grass 

Barley 

Hay 

Blue 

Grass 

274 

sl*' 

g|S 

Cheek 

5.8 

5.7 

6.1 

6.5 

5.6 

5.6 

Acetic 

4.4 

4.3 

4.5 

4.8 

4.6 

4.6 

Citric 

4.3 

4.2 

4.5 

4.7 

4.4 


Phosphoric 

4.2 

4.0 

4.4 

4.7 

4.5 

4.4 

Lactic 

3.9 

3.8 

4.1 

4.4 

4.0 

4.1 

Hydrochloric 

3.4 

3.4 

3.8 

4.1 

3.7 

3.6 

Sulphuric 

3.3* 

| 3.3* 

3.7 

3.9 

3.6 

3.6 

5 ml N 0.1 

ACID 


LEGUMINOUS CROP 

MATERIAL AND pH 


Vetch 

Alfalfa 

Alsike 

Clover 

Pea 

Vines 

1 Pea 
| Flour 

Soybean 

Hay 

Check 

6.0 

5.7 

ca 

bo 

5.7 

6.2 

5.6 

Acetic 

4.8 

4.6 

4.6 ; 

4.7 

4.5 

4.7 

Citric , . 

4.6 

4.5 




4.4 

Phosphoric 

4.6 

4.4 

4.4 

4.5 

3.9 

4.6 

Lactic 

4.2 

4.1 

4.1 

4.3 

3.7 

4.4 

Hydrochloric 

4.0 

3.8 

3.8 j 

4.1 

3.3* 

4.3 

Sulphuric 

3.9 

3.7 

3.7 

4.0 

3.3* 

. 4.2 


* Estimated from E. M. F. 


It is evident that plant materials vary considerably in their capacity 
to neutralize and adsorb organic and inorganic acids. One gram of chaffed 
corn suspended in 25 ml. of water was changed from pH 5.8 to pH 4.4 by 
the addition of 3 ml. of 0.1 N acetic acid and to pH 3.3 by the same quantity 
of 0.1 N sulphuric acid. The effect of the corn suspension on the other 
acids lies between that of acetic on the one hand and of sulphuric on the 
other, the order being acetic, citric, phosphoric, lactic, hydrochloric and 
sulphuric. All non-legume crop materials tested respond to acid treatment 
in this same order. 

Various crop materials did not exhibit the same intensity factor when 
treated with an identical quantity of acid. A suspension of corn, the reac- 
tion of which was pH 5.8, was changed to pH 3.3 by 3 ml. of a 0.1 N HjjSO* 
while an oat straw suspension, the reaction of which was normally pH 6.5, 
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when treated with the same quantity of acid was changed to pH 4.1; and 
the oat grain of pH 6.2 to an acidity of about pH 2.5. 

The intensity factor of water-suspensions of one gram of each legumi- 
nous plant material before and after being exposed to 5 ml. of 0.1 normal 
acid is given also in table 3. 

It will be observed that the acidity of these legume crop materials as 


ML NO.r /=?c/o 



L 

HC7 

"aso* — 

H 3 PO. a 



ML A/ O.f 0C/D 



ce/vo 

PC£T/C 

LPCT/C 
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expressed by pH figures before being treated with acids was about the 
same as that of the non-legumes. 

The slightly acid legume crop materials show considerable difference in 
the intensity of acidity they possess after having been exposed to different 
acids. A water-suspension of one gram of vetch the acidity of which was 
pH 6.0 was changed to pH 4.8 by the addition of 5 ml. of 0.1 N acetic acid 
and a similar quantity of vetch was changed to pH 3 9 by the same quan- 
tity of 0.1 N sulphuric acid. The change in acidity of these legume plant 
materials was increased by the six acids in about the same order as the 
acidity of the suspensions of the non-legumes was increased but the increase, 
however, was much less. From the data presented it is difficult to say that 
the chaffed material of the legumes adsorbed and neutralized more of the 
citric acid than of the phosphoric acid 

Leguminous and non-leg uminous plant materials adsorbed and neutral- 
ized larger quantities of organic and mineral acids, as measured by a change 
in pH values, when they were exposed to larger quantities of the acids. 
The leguminous materials were more active in this respect than were the 
materials of a lion-leguminous nature. This relationship is shown in 
graphs 1 to 8. It suggests that the plant materials both adsorb and 
neutralize the acids. If this were not so it would seem that if the plant 
materials after having been exposed to acids were then exposed to increas- 
ing increments of sodium hydroxide of a strength equal to that of the acids 
employed, they would neutralize the, acid and give the same curve that was 
obtained when becoming more acid. This apparently does not occur. 
Chaffed material of Sorghum, the reaction of which was pH 5.7, was treated 
with 1 ml. increments of N 0.1 H 2 S0 4 until its reaction was about pH 3.3, 
and a curve thus obtained. After this sodium hydroxide in the same quan- 
tities and of the same strength as that of the H 4 S0 2 was added to the sus- 
pension where the pH was 3.3. The suspension did not return to the 
original but to a much higher pH. 

DISCUSSION 

The data presented in this paper indicate that leguminous crop materials 
both adsorb and neutralize organic and inorganic acids to a larger extent 
than do non-leguminous forage materials. In the normal fermentation of 
leguminous crop materials this is taken to indicate that considerably larger 
amounts of organic acids must be produced to effect a pH change of 1 unit 
than would be required if non-leguminous materials were being ensiled. 
Such a delay in effecting the pH necessary to preserve this material may 
permit the liberation of a slight quantity of ammonia from the highly 
nitrogenous material. If this occurs still more acid is required. This 
beginning of putrefaction, accompanied by the slow decrease in pH may 
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persist until all of the easily fermentable carbohydrates is utilized. When 
this situation is reached excessive putrefaction becomes evident and the 
leguminous forage material that should have produced silage is spoiled and 
is no longer suitable for animal consumption. 

The pH of plant materials whether leguminous or non-leguminous was 
changed the least by a given quantity of acetic acid and most by the same 
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quantity of sulphuric acid. This was most pronounced at a pH 4.5 to 3.8, 
although evident at a higher pH. The order of effectiveness seemed to be 
acetic, citric, phosphoric, lactic, hydrochloric and sulphuric. The fact 
that hydrochloric and sulphuric acids are more effective in neutralizing the 
basic nature of plant materials, whether leguminous or non-leguininous than 
acetic, citric, phosphoric or lactic is probably the reason why Virtanen (5) 
recommends the employment of these acids in the artificial preservation of 
highly nitrogenous forage crops. 

Whether these acids can be profitably used to augment or supplant the 
normal formation of acids in silage production is an economic question that 
still deserves attention. The difficulties encountered in making hay of such 
crops as the first cutting of alfalfa together with the losses that often occur 
emphasize the importance of such an undertaking. 

SUMMARY AND CONCLUSION 

A study was made of the ability of forage crops to neutralize organic 
and mineral acids. Such crops hs alfalfa, vetch, timothy, barley, oats, 
corn and bluegrass were employed. Finely ground portions of such crops 
were exposed to acids of known strength and any change in the intensity 
factor of the material noted. 

It was observed that leguminous materials require more acid to bring 
about a change of 1 pH unit than was required by non-leguminous materials 
and that more acid was required by both types of material to change their 
reaction 1 unit in the region of pH 4.0 than was required in the region 
of pH 6.5. The strong mineral acids were more effective in this respect 
than were the organic acids. 

From the data presented it seems doubtful whether certain leguminous 
materials contain enough fermentable carbohydrate material if it were 
converted quantitatively into organic acids to produce an intensity factor 
comparable to that found by other investigators in the good types of silage 
which have been produced from crop materials containing a larger per- 
centage of fermentable sugars. It is concluded that this is probably the 
main reason why many failures have been recorded in attempts to produce 
silage from leguminous crops. 
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THE DETECTION OP FORMALDEHYDE IN MILK BY MEANS 
OP THE METHYLENE BLUE REDUCTION TEST 1 

A. C. FAY 

Kansas Agricultural Experiment Station, Manhattan, Kansas 

That the addition of formaldehyde to milk decreases the bacterial con- 
tent and prolongs the keeping quality has been known by dairymen for 
many years. Although suitable tests are available for the detection of 
formaldehyde in milk, these tests are not usually made unless the suspicion 
of the purchaser has been aroused. 

Schardinger 1 observed that the addition of a formaldehyde-methylene 
blue solution to milk caused a rapid decolorization of the dye to its leuco- 
base. From Schardinger’s observations it is easy to deduce that milk to 
which formaldehyde has been added should likewise show a short reduction 
time when subjected to the routine methylene blue reduction test. Inquiry 
at several milk receiving stations where the methylene blue reduction test 
was employed confirmed this deduction and revealed that confusion had 
frequently arisen from analyses of individual samples of milk which showed 
a short reduction time (less than 30 minutes) and at the same time, a low 
plate count. Analyses were made for formaldehyde in several samples 
showing such anomalous results, and in each case the test was found to be 
positive for this preservative. 

The wide-spread use of the methylene blue reduction test in dairy plants 
suggests the possibility that this test may offer a practical means of identi- 
fying the samples of milk to which formaldehyde has been added. A short 
reduction time certainly could not be regarded as convincing evidence that 
formaldehyde had been added to milk, but it might serve as a basis for 
more intelligent selection of the samples to which sensitive tests for for- 
maldehyde were to be applied. 


METHODS 

Several preliminary experiments were performed to determine the gen- 
eral range of dilutions of formaldehyde which affects the bacterial count 
and the reduction time of milk. The methods employed and the results 
obtained in these preliminary experiments were essentially the same as 
those of the final experiment presented in this paper. 

By suitable serial dilution, concentrations of formaldehyde ranging 
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2 Scbardinger, F. 1902. ttber das Verhalten der Kuhmilch gegen Methyleneblau 
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from 1: 100 to 1 1000,000 were prepared. (These concentrations are cal- 
culated on a basis of actual HCHO and not as commercial formalin). 
Standard plate counts were made on the raw milk before it was treated with 
formaldehyde. Immediately after the various dilutions of formaldehyde 
had been prepared duplicate methylene blue reduction tests were set up. 
After the milk had been in contact with the formaldehyde for 24 hours at 
21° C., standard plate counts and methylene blue reduction tests were 
again made. 

RESULTS 

The data in the accompanying table show the effect of various concen- 
trations of formaldehyde on the bacterial growth, reduction time, coagula- 
tion time, and taste of the milk. 

Bacterial growth. The standard plate count on the original milk was 
18,000 per cc. After 24 hours at 21° C. the milk containing formaldehyde 
in concentrations of 1 : 2500 or more showed no colonies on 1 in 10 dilution 
plates. The numbers of bacteria were markedly decreased by concentra- 
tions of formaldehyde up to 1:20,000, slight growth was evident in the 
presence of 1 25,000, and appreciable growth occurred in the presence of 
higher dilutions of formaldehyde. As may be seen from the results in the 
table, the standard plate count increased in 24 hours from 18,000 to 470,000 
per cc. in the presence of a 1 • 30,000 concentration of formaldehyde. 
Within the limitations imposed by observations of a single experiment, these 
results suggest that the addition of formaldehyde in concentrations of less 
than 1:25,000 failed to retard bacterial growth sufficiently to keep the 
count below the usual bacterial standards for market milk Results of 
experiments not included in this paper indicate that the minimum concen- 
tration of formaldehyde required to inhibit growth varies with different 
samples of milk, and in general the higher the bacterial content of the milk 
the higher the concentration of formaldehyde required 

Methylene blue reduction time. The reduction time observed for the 
original sample of milk without formaldehyde was 660 minutes; the addi- 
tion of 1 : 100,000 concentration of formaldehyde shortened the reduction 
time to 259 minutes Similarly, increasing quantities of formaldehyde 
shortened the reduction time progressively to as low as 21 minutes in the 
case of a 1 : 1000 concentration. However, when a 1: 250 concentration of 
formaldehyde was added the reduction time was 440 minutes and a 1 : 100 
concentration inhibited reduction. 

When formaldehyde was added to this milk in concentrations between 
1 : 1000 and 1 : 10,000 the reduction time was decreased to a few minutes. 
It is apparent that the short reduction times observed in the presence of 
1 : 1000 to 1 . 10,000 concentrations is largely, if not wholly, the result of 
chemical rather than of biological factors. When sufficient formaldehyde 
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PEBCE N T AGE OF PER- 
SONS DETECTING FOR- 
MALDEHYDE BY TASTING 
THE SAMPLE 
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was added to prevent effectively rapid bacterial development, (1: 25,000 or 
more) the reduction time was so greatly shortened that it should arouse 
suspicion, especially if plate counts or keeping quality tests were also 
applied. Even the addition of relatively ineffective quantities of formal- 
dehyde (1:30,000 and less) shortened the reduction time to values which 
were out of harmony with the plate counts. 

The tendency for formaldehyde to induce rapid reduction was less 
pronounced after 24 hours. This suggests that the fall in potential pre- 
requisite to reduction of the dye is delayed either by the removal of part 
of the formaldehyde added, as a result of interaction with milk constituents, 
or by the formation of substances which tend more effectively to poise the 
oxidation-reduction system. However, this does not completely destroy 
the value of the reduction test as an indicator of the addition of formalde- 
hyde. Within the range of concentrations of formaldehyde most likely to 
be employed (1:15,000 to 1:25,000) the reduction times after 24 hours 
were between 183 and 140 minutes although the plate counts were between 
2000 and 77,000 per cc. Thus it is evident that the anomalous relationship 
between the plate counts and reduction time persisted after the milk had 
been held for 24 hours. 

Coagulation time Two additional sets of milk samples containing the 
dilutions of formaldehyde indicated in the table were prepared as pre- 
viously described. One set was placed at 21° C and the other at 37° C. ; 
these were observed at frequent intervals for the first evidence of coagula- 
tion. The data in the table show tha't concentrations of formaldehyde of 
1 : 25,000 or more markedly delayed coagulation at both temperatures 
When formaldehyde in concentrations of 1 : 1000 or more was added coagu- 
lation was indefinitely delayed (more than 220 days). 

Detection of formaldehyde by taste. A set of 17 samples containing the 
concentrations of formaldehyde indicated in the table and 6 control samples 
containing no formaldehyde were prepared. These 23 samples were ar- 
ranged and numbered at random. Ten persons tasted these samples and 
recorded the presence or absence of a formaldehyde taste. Four of the 
people were actively engaged in the judging of dairy products. The re- 
maining 6 might be classed as ordinary consumers who were not specially 
trained in the tasting of dairy products. 

Before tasting the regular series of numbered samples, each person was 
required to taste 3 special samples of milk, one of which contained no 
formaldehyde, one tasted strongly of formaldehyde (1:500), while in the 
third the formaldehyde was barely detectable by taste. The 10 people who 
assisted in the tasting were instructed to practice on the special samples 
until they could differentiate correctly the known samples. All tasting of 
the unknown samples was done without knowledge or suggestion as to the 
formaldehyde content and without knowledge of the findings of others who 
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had tasted the samples. The taste of formaldehyde was reported by some 
in control samples, especially where a control followed a sample containing 
a high concentration of formaldehyde. There were many such inconsis- 
tencies in the results, due to personal differences and to the carrying over 
of the taste from one sample to another. 

The data in the table show that when formaldehyde was present in con- 
centrations of 1 : 10,000 or more, it was detected rather consistently by all 
who tasted the samples of milk. In concentrations of 1 : 15,000 and less, 
only 10 to 30 per cent of the tasters detected it. The significance of the 
ability to detect formaldehyde in very high dilutions is diminished by the 
fact that 6 of the 10 people reported formaldehyde in 3 of the 6 control 
samples. Out of the 6 control samples tasted by 10 persons there were 8 
cases (13.3 per cent) in which formaldehyde was erroneously reported. 

SUMMARY DISCUSSION 

It is possible to use the methylene blue reduction test as a basis for 
suspecting the presence of formaldehyde in milk. The addition of effective 
quantities of formaldehyde shortens the reduction time, especially if the 
methylene blue reduction test is run soon after the formaldehyde has been 
added. It is not intended to imply that the methylene blue reduction test 
can be used as a specific test for the presence of formaldehyde, but that 
short reduction times may suggest the application of more exact qualitative 
tests for the presence of formaldehyde. 

The range of dilutions of formaldehj r de which effectively retarded bac- 
terial growth, definitely delayed the coagulation time, and at the same time 
escaped detection by a majority of those who tasted the milk was between 
1 : 15,000, and 1 : 25,000. The addition of more than 1 : 15,000 formalde- 
hyde is quite certain to be detected by the consumer, whereas less than 
1 : 25,000 fails to accomplish the purpose for which it is usually added. In 
other words, the dairyman must be able to adjust the final concentration 
within this rather narrow range. On a basis of the volume of commercial 
formalin the margin between 4 * enough 99 and “too much” is only 0.25 cc. 
or about 5 drops per gallon. The chemical precision requisite for such 
careful adjustment is not usually to be expected outside of the laboratory. 
This suggests that the addition of formaldehyde to milk by the average 
dairyman is more likely to fail than it is to accomplish the intended result. 
The addition of too much is likely to be detected by the consumer or to 
arouse the suspicion of the milk plant operator by anomalous results of the 
methylene blue reduction test as outlined in this paper. Specifically, any 
sample of fresh milk which shows a reduction time of less than one hour 
may be suspected of containing formaldehyde, especially if the keeping 
quality or the bacterial counts are contraindicative. 




PRELIMINARY OBSERVATIONS ON CERTAIN SEASONAL 
VARIATIONS IN THE PHYSICAL PROPERTIES AND 
NUTRITIVE VALUE OF COW’S MILK SERUM 

F. E. STIRN, C. A. ELVE1IJEM, and E. B. HART 
Department of Agricultvral Chemistry, University of Wisconsin , Madison 

In our work on the problem of zinc in the nutrition of the rat (unpub- 
lished data) considerable difficulty was encountered in supplementing the 
basal synthetic ration with preparations which were potent in the water- 
soluble vitamin fraction. The basal ration, because of its high purity with 
respect to zinc, was deficient in all of the water soluble vitamins except B 2 , 
which was sufficiently supplied in 15 per cent of dried egg white. When 
alcoholic extracts of yeast or liver together with an extract of pork muscle, 
rich in vitamin B,, were used to supply the remaining water-soluble factors, 
poor growth of the animals resulted. It was found that when 2 cc. of 
whole milk were administered daily to the animals a favorable growth 
response was obtained. This amount of milk, however, introduced, consid- 
erable zinc, so an attempt was made to obtain the vitamin B complex from 
milk and at the same time remove the zinc. 

A procedure was developed for the preparation of this fraction from 
skimmed milk. The skimmed milk was obtained from the University dairy 
and was an average grade of market milk coming from about twenty herds 
of cattle. Six gallons of the skimmed milk were placed in a porcelain jar, 
the temperature brought to 40° C. and 10 cc. of rennet added. After ten 
minutes the curd was carefully cut and the temperature slowly raised to 
46° C., thereby producing a tough curd which settled to the bottom. The 
resulting whey, which was clear and free from casein particles, was drawn 
off and allowed to stand at room temperature for 24 hours, permitting the 
lactic acid organisms to lower the pH to the isoelectric point of the albumin 
(pH 4.5). It was then placed in a two-liter Erienmeyer flask and heated 
in a boiling water bath with frequent stirring until the temperature reached 
88° C., which required about 15 minutes. The hot material was cooled on 
ice and the albumin permitted to settle. The clear, cool serum was siphoned 
off and concentrated ammonium hydroxide slowly added until a precipita- 
tion of the phosphates occurred (pH 9). This precipitate, which contained 
all but a trace of the remaining zinc, settled to the bottom. The super- 
natant liquid was withdrawn, and by addition of acetic acid the pH lowered 
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to 6. The serum was a clear yellow solution which exhibited a green 
fluorescence. It had a pleasing odor and taste and was readily consumed 
by the animals. 

About the first of February, 1034, a change had occurred in the milk 
from which the serum was prepared. At this time it became impossible to 
obtain a clear yellow fluorescent solution upon the precipitation of the 
albumin. When ammonium hydroxide was added the resulting phosphate 
precipitate was obtained with more difficulty and was somewhat slower in 
settling to the bottom. The serum, when brought to a pH of 6, retained a 
cloudy appearance in contrast to the clear yellow solution which was ob- 
tained before the milk had undergone this change. The milk remained in 
this condition until about the first week of June, 1934, or until the cows 
had been placed on pasture. The change to green feed had imparted to 
the milk some change which allowed the preparation of a clear zinc-low 
serum. 

Another series of experiments was started the first week of October, 
1934, with the hope of finishing the experiment before the milk changed to 
the winter condition. It, however, happened that in this year the milk 
underwent the change to a winter condition in the last week of October, or 
about 3 months earlier than in the preceding year. The severe drought of 
the summer of 1934 had limited very seriously the amount of green pasture 
for the herds. 

The nutrition experiments were continued for 12 weeks on the winter 
serum. It was therefore possible to compare the growth of the control 
animals, which had received zinc in the summer serum experiments, with 
the control animals which received zinc in the winter serum experiments. 
Since the rations were the same in each case any differences in the rate of 
growth of the animals could therefore be attributed to the serums from the 
two seasons. 

There were 8 animals on the control ration which received summer milk 
serum — 4 males and 4 females, 9 animals on the winter serum experiment — 
6 males and 3 females. The animals on the summer serum made an average 
gain of 111 grams for the first 8 weeks, while those receiving the winter 
serum gained 89 grams in the same period. See Chart 1. 

The fact that the winter milk serum was lower than the summer milk 
serum in certain nutritional factors was also exhibited in another way. 
Animals which were placed on the zinc low diet for 6 weeks practically 
ceased growing. Jf zinc was then administered there was a strong impulse 
to grow. Animals on summer milk serum made gains of 16 to 22 grams 
per week for the 4 weeks following the administration of zinc, while those 
on winter milk serum made gains of 7 to 12 grams for the same period. See 
Chart 1. These results are in agreement with those reported by Elvehjem, 
Hart and others (1), who found that rats on a whole milk diet supple- 
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Summer and Winter milk serums as supplements to purified rations. 

mented with copper, iron, and manganese failed to grow as well on milk 
produced in the late winter months as on milk produced in the early fall. 

Each year when the eonimereial milks showed the change to the winter 
condition, milk was obtained from animals of the University herd, which 
received choice rations of alfalfa hay and corn silage. This milk also 
changed in its physical behavior at the same time as the commercial milks 
from the University dairy. Milk from animals receiving artificially dried 
roughages also exhibited the same physical behavior as the winter com- 
mercial milk. 

Numerous attempts w'ere made to obtain from these winter milks a clear 
serum which would resemble that from summer milk. Experiments w^ere 
made where different salts were added to the whey in varying amounts 
before the precipitation of the albumin. The salts tried were potassium 
phosphate (dibasic), sodium citrate, magnesium sulfate, and calcium lac- 
tate. One preparation of clear serum w r as obtained upon the addition of 
0.2 gram of calcium lactate per liter of whey. This, however, could not be 
repeated with the same beneficial effects. It w r as found later that if the pH 
of the whey were reduced from 4.5 to 4 by allowing the whey to stand at 
room temperature for 48 hours instead of 24 and then increased to 4.5 
by the addition of ammonium hydroxide, good precipitation resulted. This 
procedure has not always been found to work satisfactorily for the produc- 
tion of a clear serum from winter produced milk. 

It is not possible for us at the present time to state definitely what con- 
stituents have been altered in winter milk causing this change in its physical 
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properties and the decrease in the nutritive value of the serum. The poor 
growth promoting qualities of winter serum are in accordance with the 
results obtained when rats are fed mineralized winter milk as the sole diet. 
This ytork indicates that the decrease in growth promoting properties of 
winter milk is due to a deficiency of the water-soluble vitamins in the serum. 

It is generally, but not universally, accepted that vitamin B* is constant 
in cow’s milk due to its synthesis by intestinal bacteria (2). In respect to 
B 2 Hunt and Krauss (3) have shown that its level in cow’s milk varies 
with the ration and is highest when the animal is on green pasture. There 
are no data available in respect to R 4 . 

SUMMARY 

1. The serum of winter produced milk showed physical characteristics 
at variance with that of summer produced milk. It was clarified with 
greater difficulty. An adjustment of the salt balance and pH improved 
somewhat the technique used for the preparation of the serum from winter 
milk. The time at which these changes occur varies from year to year. 

2. The serum of winter produced milk showed lower nutritive value 
than that of summer produced milk as measured by its use in supplementing 
a highly purified diet as a source of the vitamin B complex. 

3. The significance of these studies lies in the relation of fresh plant 
tissue as contrasted with field dried material to subtle changes in the milk 
secreted. 
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THE DEVELOPMENT OF NUTRITIONAL ANEMIA 
IN DAIRY CALVES 

C. E. KNOOP, W. E. KRAUSS, and R. G. WASHBURN 
Department of Dairy Industry, Ohio Agricultural Experiment Station, Wooster, Ohio 

INTRODUCTION 

During recent years experimental work has definitely shown that whole 
milk is not a complete food for certain species of animals. A review of the 
literature has revealed that the amount of such work reported with calves 
wdien this experiment was begun was meager. The experiments reported 
have shown that attempts to raise calves on milk exclusively have usually 
ended disastrously. After 6 or more months of such feeding the calves 
would experience convulsions, finally succumbing during one of the spasms. 
In view of the strikingly beneficial results obtained with some species 
through the addition of iron and copper to an exclusive milk diet, it was 
felt that additional information of scientific interest might be obtained by 
studying the response of dairy calves to a similar treatment, particularly 
since whole milk or skimmilk constitutes such a large portion of the ration 
of calves during the first few months of life. 

REVIEW OF LITERATURE 

It lias long been recognized that whole milk is deficient in iron. The 
addition of inorganic iron to an exclusive whole-milk diet will not take care 
of this deficiency in rats (10, 15), pigs (5), or rabbits (10). Later, Hart 
and coworkers (11) found that, by adding both iron and copper to a whole- 
milk diet, nutritional anemia in the rat could be prevented or cured. This 
was found later to apply also to pigs (6). 

According to calf feeding experiments (3, 17) in w r hich whole milk was 
fed as the sole constituent of the diet, malnutrition or death usually ensued 
after several months of such feeding. Recent experiments indicate that 
probably this was due to vitamin and mineral deficiencies. 

Dairy calves have a definite requirement for vitamin D. Bechdel, 
Landsburg, and Hill (1), Huffman (12), and Rupel, Bohstedt, and Hart 
(21) agree that calves will develop rickets on a diet low in vitamin D and 
can then be cured by supplementing such a diet with vitamin D. 

According to Mead and Regan (19) dairy calves have a definite require- 
ment for vitamin A, as well as for certain minerals found in the ash from 
alfalfa hay. Converse and Meigs (4) also found, by supplementing a poor 
quality skiinmilk diet with cod liver oil, that nearly normal growth resulted 
without vitamin A deficiencies appearing in the calves. 
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Cannon (3) found that a whole-milk diet supplemented with cod liver 
oil and bone meal would furnish sufficient nutrients for dairy calves to an 
age somewhat over 220 days. After that it was necessary to supply the 
calves with alfalfa hay or oat straw in order to prevent death from nutri- 
tional anemia. 

PLAN OF EXPERIMENT 

This experiment was conducted with 12 Holstein male calves, divided 
into two series of six each. .All calves were started on the experiment at 
about 4 days of age. 

The first series of six calves was started in 1931 and finished in 1932. 
The calves were grouped in pairs according to the erythrocyte and hemo- 
globin content of their blood, as determined when they were 2 days of 
age. The calf in each pair having the higher erythrocyte count and hemo- 
globin content was placed in Lot I (Calves M 360, M 363, and M 364), 
while the calf having the lower erythrocyte count and hemoglobin content 
was placed in Lot II (Calves M 361, M 362, and M 365). 

Whole milk collected at random from a Holstein and Jersey herd was 
fed twice daily. The maximum amount of milk fed to each calf was regu- 
lated according to the consumption of the poorest eater of the series. 

Each of the Lot II calves received, in addition to the whole milk, 400 
mg. of iron, as ferric chloride, and 40 mg. of copper, as copper sulfate, 
daily, except Sundays and holidays. 

The second series of calves was started in 1933 and finished in 1934. 
They were divided into Lots I (M 406, M 408, and M 414) and II (M 407, 
M 411, and M 416) as in the first series, except that the first available calf 
was placed in Lot I and the next available calf (pair mate) was placed in 
Lot II, but not on the basis of erythrocyte and hemoglobin values. They 
were fed whole milk twice daily, at the rate of 1 pound to every 10 pounds 
of live weight. However, at times some calves would refuse part of their 
allotted milk. The milk used in this series came from an equal number of 
Holstein and Jersey cows receiving a ration containing alfalfa hay, corn 
silage or wet beet pulp, yellow corn, oats, wheat bran, linseed oilmeal, and 
salt. 

The Lot II calves were fed daily, in addition to the whole milk, iron 
and copper supplements according to live weight; i.e., they were given 
daily, except Sundays and holidays, 400 mg. of iron, as ferric chloride, and 
40 mg. of copper, as copper sulfate, until they weighed 200 pounds. Subse- 
quently, for every 100 pounds additional gain in live weight the iron was 
increased 200 milligrams and the copper 20 milligrams, so that a c alf 
weighing 200 to 300 pounds received 600 milligrams of iron and 60 milli- 
grams of copper. 

The calves were located away from sunshine in the calf barn. Wood 
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shavings were used as bedding. All calves were muzzled throughout the 
experiment, except at feeding time. Muzzles made from J-inch-mesh heavy 
screen were used in Series l ; those used in Series II were made from 0.040- 
inch pyrolin-viseoloid (a celluloid-like compound). Each pair of calves 
remained on the experiment until the death of a pair mate or until approxi- 
mately 8J months of age. Several times during the experiment all the 
calves were treated for lice with a per cent creolin solution. 

The number of erythrocytes and the hemoglobin values of the blood 
were determined when the calves were one and 3 days of age and approxi- 
mately every 2 weeks thereafter. Histological studies of the erythrocytes 
were made from time to time. Live weights were obtained at birth and 
every 2 weeks throughout the experiment. Measurements of the height 
at withers were made every 2 weeks during the last 3J months of the first 
series, and every 2 weeks throughout the experiment during the second 
series. Post-mortem exeaminations were made. Tron, copper, and vitamin 
A were determined on the livers of the Series IT calves. 

METHODS OF ANALYSES 

Samples of freely flowing blood for red cell counts were obtained from 
the median ear vein, by the use of a Trenner automatic diluting pipette. 
The samples were diluted 200 times with 1 per cent sodium chloride solu- 
tion. About a drop of this diluted blood was then plaeed in a Levy-Hauser 
counting chamber and the number of red cells per cubic millimeter of blood 
was estimated. Another sample of freely flowing blood for hemoglobin 
determination was taken and diluted 200 times with approximately 1 per 
cent hydrochloric acid. After standing for 30 minutes in a warmed room 
the grains of hemoglobin ]>er 100 cc. of blood "were determined in a Bauseh 
and Lomb hemoglobinometer (improved Newcomer model). The condition 
of the red blood corpuscles was studied by preparing blood films from the 
calves fed milk exclusively (Series 1 1) when they -were very anemic. Simi- 
larly, blood cells from their pair mates (fed milk, iron, and copper) were 
studied at corresponding ages. The blood films were fixed with mercuric 
chloride and stained with eosin-methylene blue. 

Livers taken from the calves in Series II wore saved and frozen until a 
convenient time for analysis for iron, copper, and vitamin A. Iron was 
determined by the Stugart (22) method and copper by the sodium diethyl- 
dithio-carbamate method, according to Williams (23). Vitamin A determi- 
nations on the livers were made with the antimony trichloride reagent. 

RESULTS 

General Health 

Series I (1932 ). — The calves were healthy and vigorous during the first 
150 days of the experiment as far as external appearances were concerned. 
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During the remaining period of 105 days convulsions were frequent, except 
in calves M 364 (Lot T) and M 361 (Lot II). Scours were very prevalent 
at times, except in M 364. 

External signs of malnutrition were evident toward the latter part of 
the experiment. There was gradual enlargement of the knees and slight 
stiffness of the legs resembling rickets. Calves M 363 (Lot I) and M 365 
(Lot II) were first to become stiff and emaciated. Respiration was rapid. 
This occurred when they were about 180 days of age. 

All calves but one in this series were alive at the close of the experi- 
ment (255 days). M 360 (milk-fed) died at the age of 254 days. This 
calf appeared healthy on the morning of its death, which occurred during 
the only convulsion observed in this animal. 

Series II (1934 ), — The calves fed whole milk exclusively (Lot I) 
appeared healthy externally during the first 120 days of the experiment. 
For the remaining period of 75 days Calves M 406 and M 414 were rough 
in the hair coat and scoured very profusely at times. M 406 died when 
196 days of age and M 414 was killed on the 194th day because of his 
extremely poor condition. Convulsions were noted in M 406 at 171 days 
and 183 days of age. One convulsion was noticed in M 414 at 143 days of 
age. Calf M 408 remained fairly healthy throughout the experiment except 
for failing appetite from 162 days of age to the end of the experiment (255 
days). All three calves were pale about the muzzle and eyes and rough 
in the hair coat when they were anemic. * 

The calves fed milk, iron, and copper (Lot II) remained healthy 
throughout the experiment, except for two cases of scours, a condition 
which was prevalent in the general calf herd. 

Erythrocyte md Hemoglobin Data 

Series 1 and 2 combined . — Results of the erythrocytes and hemoglobin 
determinations for each pair of calves are given in table 1. The combined 
average of all determinations of red cell counts for the calves fed whole 
milk exclusively (Lots I) is 8.59 rfc 0.10 millions per cubic millimeter of 
blood and for the calves fed milk, iron, and copper* (Lots II) 9.78 zt 0.09 
millions, or a difference of 1,190,000 cells. Owing to a shrunken and 
broken condition of the erythrocytes (See Figs. 1 and 2) at the time the 
hemoglobin reached the level of 5 to 6.5 grams, the cell counts are probably 
unreliable for the milk-fed calves. The same cell condition existed in the 
milk-fed calves of Series I ; however, no complete records were kept. The 
average amount of hemoglobin per 100 cc. of blood for the exclusive milk- 
fed calves is 7.62 ± 0.17 grams, which compares very closely with that of 
“salt sick” yearling cattle (8.38 gm.), as reported by Neal and Becker 
(20). The average hemoglobin value for calves fed milk, iron, and copper 
is 10.52 d: 0.10 grams. This lower value, as compared with that for mature 



TABLE 1 

Bed blood corpuscles and hemoglobin data * ( Calves arranged according to pairs) 
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* The Lot I calves received whole milk exclusively and the Lot II calves received whole milk with iron and cop- 
per supplements. 
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bulls of 11.92 db 0.26 gm. (2) and 12.8 zh 0.8 gm. (18), indicates that the 
concentration of hemoglobin in the blood increases as the rate of growth 
decreases with advancing age. Table 1 shows that the hemoglobin values 
for the calves of Lots II increased* soon after birth and then gradually 
decreased with advancing age, indicating that as the rate of growth 
increases the concentration of hemoglobin tends to decrease. 

GROWTH 

The average rate of gain in live weight for the Lot I and II calves in 
Series 1 was practically the same for the first 224 days. During the remain- 
ing 31 days those in Lot I decreased slightly in live weight, while those 
receiving whole milk, iron, and copper (Lot II) continued to increase in 
weight. The average live weight at the close of the experiment (235 days) 
for the Lot I calves was 363 pounds and for the Lot II calves 430 pounds. 
A similar situation was found in the second series. Average live-weight 
gains were about the same for both lots until they w'ere 112 days of age. 
At about 196 days of age the Lot I calves averaged 353 pounds; whereas 
the Lot II calves averaged 517 pounds. 


tablt: 2 

Weight* of organs and color of tissues 
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M 360 

01 

5 SO 
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Very pule 

Very pale 

M 303 

91 

329 

2086 

748 

Slightly pale 

Slightly pale 

M 304 

159 

476 

2472 

| 839 

Pale 

Pale 

M 406 

91 

181 

2403 

1 907 

Very pale 

Very pale 

M 408 

227 

012 

3809 

1723 

Pale 

Pale 

M 414 

45 

227 

3084 

907 

Pale 

Pale 

Average 

117 

402 

2638 

1010 






Lot II * 




M 301 

238 

749 

2222 

1089 

Dark red 

Dark red 

M 362 

227 

635 

2086 

816 

Dark red 

Red 

M 365 

181 

340 

1587 

748 

Dark red 

Red 

M 407 

159 

1088 

5442 

1406 

Dark red 

Dark red 

M 411 

281 

862 

5669 

1723 

I)aik red 

Dark red 

M 416 

141 

794 

2048 

1224 

Ked 

Red 

Average 

204 

744 

3275 

1167 



Per cent Diff. 

~ 1S5~ 

~ ~45.iT 

~~~ 1974“ 

i£sT 




* Lot I received whole milk exclusively and Lot II received whole milk with iron and 
copper supplements. 
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A slower rate of growth in height at the withers was found in the exclu- 
sive milk-fed calves as compared with the calves fed milk and supplement, 
especially during the latter period of the experiment. 

Post-Mortem Findings 

The results of post-morten examinations are given in table 2. 

Differences in total body weight between the anemic and non-anemic 
calves preclude a direct comparison of the effect of iron and copper on the 
development of body organs. However, there was a marked and consistent 
difference in the size of the testes and spleen, those of the calves fed iron 
and copper being much larger. 

The kidneys appeared normal in every respect. 

The iron and copper content of the calf livers of Series II (Table 3) 
substantiate the work of others (8, 9) in demonstrating that the liver acts 

TABLE 3 

Iron and copper content of livers 


CALF 

WEIGHT 

IRON 

TOIAL 

IttOX 

M# 

rOPI'FR 

NO. 

OM. 

I»( i 

P< T 


LOl i 


M 406 

2403 

0.00366 

87 9 | 

0.00122 

29.3 

M 408 

3809 

0.00241 

91.8 

0 00087 

33.1 

M 414 

3084 

0 00308 

94 9 

O.00232 

71.5 

Av. 

3099 

0 00295 

' 91.5 

0.00144 

34.6 


LOi II 


M 407 

5442 

0 00715 

389 1 

0 00992 

539.8 

M 411 

5669 

0.00752 

426.3 

0.01347 

763.6 

M 416 

2648 

0.00992 

262 7 

0.01305 

345.5 

Av. 

4586 

0 00783 

359 3 

0 01198 

549.6 


as a storehouse for iron and copper. The iron values given compare 
favorably with those reported by Elvehjem and Peterson (7), but, accord- 
ing to the copper values reported by Lindow, Elvehjem, and Peterson (16), 
the calves fed iron and copper were receiving a considerable excess of 
copper. 

GENERAL DISCUSSION 

The hemoglobin values given in table 1 indicate that the exclusive milk- 
fed calves (Series I), as compared with the calves fed milk, iron and copper 
were getting enough iron from some source to effect an increase in the hemo- 
globin content of their blood, especially during the last 3 months of the 
experiment. Considerable trouble was encountered throughout this series 
in keeping all the calves from eating shavings. At times they would tear 
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or wear holes in their muzzles, allowing them to eat wood shavings or lick 
the iron stalls. Towards the latter part of the experiment the calves fed 
whole milk exclusively (Lot I) required new muzzles about every 2 or 3 
weeks. The calves in Series II were practically unable to eat any foreign 
material because of the new type of muzzle made from 0.040-inch pyrolin- 
viscoloid. We feel that the use of a satisfactory muzzle in Series II was 
largely responsible for the more uniform results obtained. 

The rate of growth of the first series, as compared with the second series, 
indicates that the system of feeding was inadequate in Series I in that it 
did not supply the calves with sufficient nutrients for rapid growth. The 
limiting factor may have been not only a shortage of total nutrients, as 
pointed out by Hughes and Cave (13), but an inadequate supply of vitamin 
D, as indicated by calcium and phosphorus determinations of the blood 
serum, and probably a deficiency of manganese, as indicated by Kemmerer, 
Elvehjem, Hart, and Fargo (14). The rate of growth of the calves fed 
iron and copper in Series II was, with one exception (M 416), very rapid 
throughout the experiment. M 416 grew very slowly for the first 41 months 
but very fast during the remaining period of the experiment. The thyroid 
gland from this calf weighed 73 grams (2.7 times heavier than the average 
weight of thyroids taken from the other five calves in Series II), indicating 
iodine deficiency at birth. 

No external symptoms of vitamin A deficiency were noticed in any of 
the calves, even though the vitamin A content of the livers from the last 
series of calves was about one-seventh the amount found in livers from 
normal calves of the same age. 


SUMMARY 

Six pairs of Holstein male calves were used in a study of the suscepti- 
bility of calves to nutritional anemia when fed whole milk exclusively and 
of the effect of supplementing such a diet with inorganic iron and copper. 

Physical appearance, growth, determinations of the number of erythro- 
cytes and amount of hemoglobin in the blood, and post-mortem examina- 
tion showed that the calves on milk alone developed nutritional anemia 
while those receiving iron and copper in addition to milk did not. 

Considerable difference in appearance and size of the internal organs 
was revealed on post-mortem examination. Of particular interest in this 
connection was the marked difference in size of the testes and spleens, those 
of the calves receiving the mineral supplements being much larger. 

The livers of the calves fed iron and copper were found to contain large 
quantities of these two minerals as compared to the amounts found in the 
livers of calves fed milk exclusively. 
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CONCLUSIONS 

Holstein male calves develop nutritional anemia when fed whole milk 
exclusively. 

The daily addition of 400 mg, or more of inorganic iron and 40 mg. or 
more of inorganic copper to an exclusive whole-milk diet will prevent the 
development of nutritional anemia in calves. 
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American Dairy Science Association Announcements 


Housing Plans for the 1935 Meeting 

The School of Agriculture dormitories will be available to those attending 
the American Dairy Science meeting at University Farm, St. Paul. The 
rooms are large, airy and well lighted and it shall be the aim of the commit- 
tee on housing to see that everyone is comfortable and happy wdiile here, at 
a cost of 75 cents per person per night. The members of the committee on 
housing and registration are Superintendent J. O. Christianson and Dr. W. 
E. Peterson at University Farm. 

If you wish to bring the family, there are several suites where accom- 
modations may be arranged. However, it is very important that all reserva- 
tions be made as early as possible. The postcards which the members re- 
turned to the Program Committee were intended only as a general guide. 
Those who indicated that they expect to make reservations at the dormitor- 
ies should, not regard such indication as an actual reservation. This must be 
made directly with the chairman of the housing committee. Send reserva - 
tions to Superintendent J. 0. Christianson , University Farm , St. Paul , 
Minn., and state carefully the number of persons in your party, men, women 
and children. 

Reduced Railroad Fares 

Reduced fares will be in effect from all points for this meeting, available 
as “Convention Fares” of a fare and one third for the round trip. Certain 
territories will have very low “Summer Tourist” fares, and “Summer 
Tourist Short Limit” tickets on sale, that will provide an opportunity to 
extend your trip, if desired. Consult your local railroad ticket agent for 
cheapest fares from your particular location, and he will advise you regard- 
ing cost and possible extensions of trip beyond St. Paul. 

Program of Entertainment for the Ladies 
June 24 — Monday 

8 : 30 p. m. — Informal social get-together for members and their families, 
Home Economics Building, University Farm. 

June 25 — Tuesday. Hosts for the day — Twin City (St. Paul and Minne- 
apolis) Dairy Industry, 

9 : 00 a. ra.-12 : 30 p. m. Sight-seeing automobile trip of the Twin Cities. 

12 : 45 p. m. — Complimentary luncheon, Radisson Inn, Lake Minnetonka. 

2: 30 p. m.— Return to University Farm Campus. 
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4 : 00 p. m. — -Members and their families leave for trip to Land-O-Lakes 
Creameries, Ine. 

6 : 00 p. m. — Complimentary diuner and entertainment as guests of 
Land-O-Lakes Creameries, Inc. 

June 26 — Wednesday. Host for the day — General Milk Inc. 

9: 00 a. m. — Busses will call for the ladies at University Farm and con- 
duct them on a tour of the University of Minnesota 
Campus, Minneapolis, and of the Washburn Crosby 
Flour Mills. 

12: 00 noon — Complimentary luncheon at Nicollet Hotel, Minneapolis. 

2 : 30 p. m. — Return by blisses to University Farm, St. Paul. 

4:00 p.m. — Tea, Fireplace Room, Horne Economics Building, Univer- 
sity Farm. Mrs. Walter C. Coffey, Hostess. 

5 : 00 p. m — Leave for Minneapolis Automobile Club. 

7 : 00 p. m. — Subscription banquet and entertainment at Minneapolis 
Automobile Club. 

June 27 — Thursday. Shop, golf or other optional activities; or merely rest. 

Suggestions for Presentation of Papers 

The Society of American Bacteriologists and the American Chemical 
Society have recently published the following suggestions to their members 
for the purpose of increasing the effectiveness of their scientific programs. 
These suggestions are so clear cut and pointed that they are well worth 
passing on to the members of our association who may not have seen them. 

u l* Arrangement of Material. Manuscripts as prepared for pub- 
lication are seldom suitable for oral presentation. The paper should 
convey clearly to the hearer: (a) the purpose of the work; (b) the ex- 
perimental method; (c) the results obtained; and (.d) conclusions. 
The nature of the material and the time available for presentation will 
determine the degree of emphasis to be placed on each subdivision. 
The author should make certain by trial against his watch that the 
essential points can be adequately presented in the time allotted to the 
paper." 

“2. Statement of Purpose. Orient the audience clearly as to the 
nature and purpose of the work. A lengthy historical review is gen- 
erally out of place." 

“3. Technic. Describe the experimental method employed, so as 
to indicate the principles involved. Omit details of apparatus or pro- 
cedure unless there is some particularly novel development. Such data 
may belong in the published paper but will bore your audience*" 

“4, Statement of Results. Present the results graphically, prefer- 
ably with diagrams. Lantern slides are more clearly seen than hand- 
drawn charts. These slides should be of standard size (3,25 x 4 inches) 
and should project clearly on the screen. Regardless of who has made 
the charts or slides, try them from the point of view of the audience 
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before presenting them at the meeting Do not read tables, a procedure 
which wastes time and destroys interest but point out the general 
trend of the data ’ ’ 

“5 Conclusions Summarize the evidence and discuss the impor- 
tance of the results oi conclusions to the particular field of research 
involved ” 

“6 Manner of Presentation Do not lead from a manuscript \ei 
batim Talk directly to jour audience in a clear loud voice Do not 
face blackboard or screen while speaking Articulate distincth ” 

“7 Many exceptions to and modifications of the above suggestions 
will apply m particular instances Nevertheless, general adherence to 
the points brought out will go far m eliminating the valid criticisms 
which have been aimed at oui programs ” 

L S P ALMrR, Chairman 
Piogiam Committee 
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Britain He found that not less than 333 of these cows were infected. The 
incidence in each herd ran from 11 to 65 per cent. Hueker (9) reporting 
in this country found that 90 per cent of 221 cows examined, showed indura- 
tion or fibrosis of the udder in one or more quarters. Forty-eight per cent 
of all quarters discharged streptococci in the milk, while 9 per cent showed 
pus pockets on post mortem. 

During the past year a study of the efficiency of the various tests (brom 
thymol blue, chlorides, cell count, and catalase) for the detection of mas- 
titis has been carried on at The Pennsylvania Station. During the progress 
of this work, cows were found which gave a positive reaction to the tests 
in one or more quarters of the udder for a period of time, and then later 
seemed to be free from any abnormal udder condition as indicated by at 
least three of the four tests employed. This raised the question as to the 
effect of such infections upon the efficiency of the secretion from the 
diseased quarters as compared with the secretion from the opposite healthy 
quarters. 

Some work (6) has been reported which indicates that the rear quarters 
produce more milk than the fore quarters, and that a variation is often 
found between the amount of secretion in the fore quarters, and also 
between the production of the roar quarters. 

In order to determine the extent of this variation, eighteen cows with 
normal udders were selected. For a period of four to six months these 
individuals gave a negative reaction to the four tests for mastitis All 
tests, both for mastitis and butterfat, were run every two weeks. The cows 
were milked by hand into a bucket divided into halves so that the milking 
could be carried out in the normal manner. The milk from each quarter 
was weighed and the percentage of butterfat determined by the Babcock 
test. The average amount of milk, pounds of butterfat, and percentage 
of butterfat from each of the four quarters of the udders of these eighteen 
cows is given in table 1. 


TABLE 1 

The average amount of mdlc produced from each of the four quarters of non-mfeoted 

udders 


QUARTER 

AY KIM UK MILK 
PRODUCTION 

AVERAGE BUT PBRFAT 
PRODUCTION 

AVERAGE 

BUTTERFAT 


Lbs 

Lbs 

Per cent 

Bight Front 

2.9 

.1056 

3.64 

Left Front 

2.6 

.0919 

3.53 

Bight Bear 

3.3 

.1178 

3.57 

Loft Bear 

3.3 

.1195 

3.62 


From these figures it is evident that only a small variation may exist 
between the amounts of milk secreted by the fore quarters and by the rear 
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quarters of non-inf ected udders. The average variation in the pounds of 
milk produced by opposite quarters ranged from zero for the rear quarters 
to ten per cent for the fore quarters. The average variation in pounds of 
butterfat ranged from one per cent between the opposite rear quarters to 
twelve per cent between the opposite fore quarters. 

For the remainder of the study 86 cows were selected which showed an 
infection in one quarter of the udder as indicated by a positive reaction to 
at least three of the four tests employed, while the opposite quarter 
remained negative to all tests. 

These quarters were milked by the same method employed on the non- 
infected udders, and the same data recorded. A considerably greater dif- 
ference w r as found to exist between the production of the non -infected 
quarters and the opposite infected quarters than in the trial where both 
quarters were normal. 

The data in table 2 show that the non-infected fore quarters produced 
0.8 of a pound or 34.8 per cent more milk, and 0.0379 of a pound or 34.3 


TABLE 2 

Companion of production from opposite non-infected and infected fore quarters 


QUARTER 

M MISKK 

A\ KUAtih M11.K 

WF.KAOK BUTTER- 

AVERAOE 

l'li< ll>( UTIOX 

FAT lltOltl'CTlOX 

W TTRICKAT 



/.ft*. 

Lbs. 

Pei cent 

Non-infected 

41 

2.3 

.1102 

4.79 

J n feet t*d 

41 

1.5 

.0723 

4.82 


per cent more butterfat than did the opposite infected quarters. If the 
variation between the milk production of normal quarters as indicated in 
table 1 is taken into consideration, then there is a difference of approxi- 
mately 25 per cent more milk produced by non-infected than by infected 
fore quarters. In the case of butterfat the difference is around 21 per cent 
in favor of the non-infected quarters. 

The non-infected rear quarters as indicated in table 3 produced 1.2 
pounds or 31.6 per cent more milk and 0.058 of a pound or 40 per cent 
more butterfat than the opposite infected rear quarters. There was practi- 


TABLE 3 

Comparison of production from opposite non-infected and infected rear quarters 


QUARTER 

NUMBER 

AVERAGE MILK 
PRODUCTION 

AVERAGE BUTTER 
FAT PRODUCTION 

AVERAGE 

BUTTERFAT 



Lbs. 

Lhs. 

Pei cent 

Non-infected 

45 

3.8 

.1448 

3.81 

Infected 

45 

2.6 

.0868 

3.34 
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cally no difference in the production of milk or butterfat between the non- 
inf ected rear quarters, as indicated in table 1, therefore the non-inf ected 
rear quarters are approximately 31.6 per cent more efficient in milk produc- 
tion and 40 per cent more efficient in butterfat production than the infected 
rear quarters. 

A comparison of the production of all the opposite non-infected and 
infected quarters is given in table 4. It will be noted that the non-infected 


TABLE 4 


QUARTER 

NUMBER 

AVERAGE MILK 
PRODUCTION 

AVERAGE BUTTER- 
FAT PRODUCTION 

AVERAGE 

BUTTERFAT 



Lbft, 

Lbft. 

Per cent 

Non-infected 

86 

3.1 

.3280 

4.13 

Infected . 

86 

2.1 

.0798 

3.80 


quarters produced on the average one pound of milk and 0.0482 of a pound 
of butterfat more than the infected quarters. This is equivalent to 32.3 
per cent more milk and 37.6 per cent more butterfat from the non-infected 
quarters than was produced by the infected quarters. 

A variation in milk and butterfat production was found to exist between 
the opposite fore quarters and the opposite rear quarters of non-infected 
udders. These figures are given in table 1. 

After allowing for the maximum variation in milk and butterfat produc- 
tion found between non-infected quarters) it would appear that the non- 
infected quarters are about 22 per cent more efficient in producing milk 
and 24 per cent more efficient in butterfat production than the mastitis 
infected quarters. 

CONCLUSIONS 

1. Only a small variation exists between the pounds of milk, per cent 

butterfat, and pounds of butterfat produced by opposite non-infected 
quarters of a cow’s udder. * 

2. A considerable variation may be found between the production of 
opposite mastitis infected and non-infected quarters of a cow’s udder. 

3. Mastitis infection apparently reduced milk production approximately 
22 per cent and butterfat production 24 per cent after allowing for the 
maximum variation found in the milk and butterfat production of non- 
infected quarters. 
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THE HYDIiOGEN-ION CONCENTRATION OF CREAMERY 
WATERS AND THEIR RELATIONSHIP TO 
WASHING BUTTER* 

N. 8. GOLDING 

University of Idaho Agricultural Experiment Station, Moscow 
INTRODUCTION 

The washing of butter in the grain, after churning and before working, 
has been an accepted practice for many years; it being considered good 
practice to wash the butter twice, in such a manner that the last wash water 
leaves the churn free from buttermilk. However, excessive washing of 
butter tends to produce a flat flavor (5), but is recommended for poor 
quality butter. 

The biological purity of the water used for washing has received con- 
siderable attention (4, 9, 13). Poor keeping quality and actual defects in 
the flavor of the butter at times have been attributed to infection of butter 
with undesirable organisms from the w r ash water (13, 14). 

The mineral constituents of the creamery water have received their chief 
attention insofar as they affect the boiler and the creamery equipment that 
has to be washed (2). On the other hand, the reaction of the water used 
for washing butter has not received much consideration. 

Knowing that several creamery supplies are alkaline in reaction, about 
pH 7.6, it was thought that the texture of butter under certain conditions 
might be affected by washing with such water. It is known that several 
proteins, c.r/., casein, are more soluble in an alkaline reaction than an acid 
reaction; therefore, were a protective layer removed from the grains of 
butter by washing with alkaline w r ater more free fat would be liberated 
(19). Bucli a theory might possibly answer some of the unknown causes 
of short grained and sticky butter (19). On the other hand, certain pro- 
teins, such as casein, form salts with alkalies and alkaline earths under 
alkaline conditions, which might be adsorbed on the grains of butter and 
possibly cause texture defects. Where the texture of butter is found to be 
adversely affected by alkali w r ash waters, it would be a relatively simple 
matter to standardize the water to a most desirable pH, using hydrochloric 
or some other harmless acid. 

Therefore, it is the object of this work to determine the prevalence of 
alkaline water in Eastern Washington and Idaho and what effect the reac- 
tion of such water has on butter which is washed wdth it. 

* Published with the approval of the Director aa Research Paper No. 130 of the 
Idaho Agricultural Experiment Station. 

Received for publication February 12, 1935. 
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LITERATURE 

The early work of this station by C. W. McCurdy (7, 8) shows that 
water in Idaho, particularly in the dry belts and the irrigated areas, is 
likely to be alkaline in reaction. 

Wright (17), in an extensive study of surface and subsurface "waters 
of the Yakima and Klamath reclamation projects, gives the pH of the water 
from 79 domestic wells, which appears in table L and shows that all these 
waters are more or less alkaline in reaction, about one-quarter being over 
pH 8.0. 

TAULE 1 

The reaction of waters from domestic wells m the I akima and Klamath project (17) 


NUMBER OKI* MIS 


Hanging from 

Hanging from 

Hanging timn 

pH 7 0 to 7 4 

pH 7 5 to 7 9 

pH 8 0 and obo* e 

46 

15 

18 


Larsen et ah (6), washing butter with alkaline wash water, found that 
unsalted butter deteriorated one point in flavor more than the control. 
With salted butter no difference in flavor was noted. Their w'ork does not 
exclude deterioratfon that was of biological origin. 

Browm (1) conducted experiments on the curd content of butter and 
showed that the larger the grains of butter in the buttermilk before washing 
the greater w r as the curd content of the resulting butter. Whether the 
removal of the curd was entirely physical or partly chemical was not shown. 

Several authorities (12, 15) show that the substance adhering to or 
adsorbed on the fat globules is of a protein-like nature. The examination 
of the nature of the protein surrounding the fat globules in milk by Titus 
et al. (15) lead them to conclude that it is very closely related to, if not 
identical with, casein. On the other hand. Palmer and Wiese (12) And 
that the material, most closely adsorbed on the surface of the fat globules 
in cow's* milk, is composed of a mixture of protein and phospholipides. 
This protein’s physical properties, percentage of nitrogen, sulfur, and phos- 
phorus do not correspond with those of any other milk protein. It con- 
stitutes the major part of the so-called fat globule membrane. It is unnec- 
essary to go further into the discussion of this still debatable question but 
rather to accept the general conclusion, that they and several other investi- 
gators find, that the substance surrounding the fat globules is largely of a 
protein-like nature. Since milk when treated with ether does not give up 
its fat, or only to a slight extent, until a small amount of acid or alkali 
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has been added to dissolve this protein (15) it would seem that the reaction 
of the wash water might be of significance in the manufacture of butter. 

MATERIALS AND METHODS 

Natural Waters: With the exception of t he j)ll determination made on 
the various creamery water supplies, the water used in these experiments 
was the supply of the Washington State College at Pullman, which at all 
times during the investigation showed a pH of 7.6. Its reported analysis 
by the Cochrane Corporation, Philadelphia, Pennsylvania, is given in 
table 2. 

TABLE 2 

Analysis of water supply at Washington State College 


PARTS I'EU EQUIVALENT 

MILLION PER MILLION 


Calcium (Ca) 

2-4.2 

3.21 

Magnesium (Mg) 

12.4 

1.01 

Sodium (Na) 

30.8 

1.34 

Iron oxide of alumina (K,0 3 ) 

4.0 

0 22 

Silica (Si0 2 ) 

48.0 

1.59 

Bicarbonate (HCO,) 

207.0 

3.39 

Carbonate (00,) 



Sulphate (SO.,) 

8.0 

.17 

Chloride (Cl s ) 

Trace 


Volatile & organic 

10.0 


Total solids in solution 

240.0 


Suspended matter 

Trace 


CO, Free 

14.4 

0.65 

Hardness in terms of CaC0 3 

111.0 

2.22 

Free Acid, pH 

7.8 



Hypo t helical co m but at ions 



Ults./OAL. 

CaCOj, 

3.56 

MgCO a 

2.51 

SiO, 

2.80 

Iron and oxide of alumina (R/) # ) 

0.23 

Sodium carbonate (Na a OO s ) 

3.62 

NmSO« 

0.70 

NaCl 

Trace 

Volatile of organic 

0.58 

Total solids in solution 

14.00 

Suspended matter 

Trace 

CO, 

0.82 


The buffer curve for the Washington State College water supply is 
given in figure I, which shows that considerable acid must be added to the 
water before pH 6.6 is reached, which is about the reaction of sweet cream. 
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Fig. I. The Buffer Value of the Natural Alkaline Water Supply. 

Temp. 59° F. 

Distilled Water: The distilled \*ater when used for washing the butler 
was double distilled but showed a pH of about 6.6 due to dissolved 00 2 . 
Both waters were stored in Pyrex glass. Neither water contained any 
measurable quantity of nitrogen when determined by the Kjeldahl method. 
In spite of this, separate duplicate blank determinations were run with each 
experiment. 

Acids: Where required the natural water was acidified with C.P. lactic 
acid in the commercial trials and redistilled N/10 hydrochloric acid when 
washing the small lots of butter. 

Cream: The sweet cream was obtained from the University of Idaho 
herd of Jersey and Holstein cows and was pasteurized before separation. 

The commercial cream was sour gathered cream, from two local cream- 
eries, neutralized and pasteurized in coil vats in the creamery. 

pH Measurements of Water: All pH measurements of water were done 
by colorimetric methods against known buffer standards and checked with 
several indicators, which were prepared by the method given in the Hand- 
book of Chemistry and Physics (3). A further precaution was taken to 
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standardize the indicators electrometrically to the pH of the mid-point of 
their color change. The determinations were made at about the tempera- 
ture of washing butter as it was considered this gave a better index of the 
conditions to which the butter was subjected during washing. 

pH Measurements of Cream and Butter: The quinhydrone method, 
using a gold electrode and a Leeds Northrup No. 7654 pH indicator, was 
used to determine the pH of the cream and butter serum. The readings 
were made at 25° C. The butter serum was prepared by centrifuging 
according to the method of Weckel (16). 

Method of Washing the Butter: The commercial churnings, made in a 
small single roller Cherry churn, Avere Avashed with the Washington State 
College Avater, tempered and acidified with lactic acid as required. Four 
buckets of Avater Avere used in place of spraying the butter and then a first 
and second Avash Avater in the usual commercial proportion of about one of 
butter to two of wash Avater. 

The churnings, to determine the solubility of protein in the various 
A\ r ash Avaters, were done in a 12-gallon Superior Sanitary crock churn. The 
300 grams of butter required in each case Avere carefully weighed into a 
2-litre beaker which contained 600 ml. of water at the required pH. Each 
series Avas uniformly stirred, held for 2 hours in a cool room, and the Avash 
water then filtered off from the butter through 4 thicknesses of cheese-cloth, 
previously Avashed in distilled Avater and dried. The wash Avater aaus then 
analyzed for nitrogen according to Ihc follmving method: (Note: Though 
a two-hour Avashing period for butter is not commercial practice, Whittier 
(18) has shown that equilibrium is attained in this time Avith milk.) 

Nitrogen determination: The nilrogen (protein) was determined in the 
Avash Avater by the Kjeldahl-Gunning-Arnold method (11), a suitable 
known volume of wash water being used according to Avhether or not the 
butter had been previously washed with distilled water. After subtracting 
the blank determinations the results are expressed in milligrams of nitrogen 
per litre of wash water. As an additional precaution, ammonia was driven 
off from the wash Avater in the Kjeldahl flask before the sulphuric acid Avas 
added. 

EXPERIMENTAL 

The Reaction of Creamery Water Supplies: Through the cooperation 
of R. L. Nelson and Mr. D. L. Fourt, the pH of a number of creamery 
waters were determined in the creameries where the butter was washed. 
The results of these determinations are given in table 3 which shows : 

1. A similar distribution to that in table 1. 

2. All the waters were more alkaline than the buttermilk made from 
sweet cream. 
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TAULE 3 

The reaction of water* fiom crcanury svpphes Sept., 193S, to March , 1984 


LOCATION 

| NtlMUKE OF IKK 

Hanging 
from 
pH 6 8 
to 6 0 

Hanging 
trom 
pH 7 0 
to 7 4 

Hanging 
from 
pH 7 5 
to 7 9 

Ranging 
fioxn 
pH 8 0 
and above 

South East Washington (De- 





termination by R. L. Nelson) 

5 

5 

6 

3 

South Idaho (Determina- 





tion by D. L. Four!) 


4 

4 


Eastern Washington and 





Western Idaho 


1 

3 



3. The difference may be considered significant in about half the cases 

which are pH 7,5 or above. 

The Change %n the Reaction of Creamery Water When Used for Wash- 
ing Butter: Table 4 gives the results from a set of commercial churnings, 
churned to grains a little bigger than wheat and washed according to the 
method described. Table 4 shows 

1. That the natural alkaline waters at pH 7 6 (churnings 1, 3, 
6, and 9) were affected in reaction by the first washing of the butter. 
However, in the second washing the water flowed from the butter 
practically at the same reaction as when added. Note: The City of 
Spokane water gave similar results. 

2. The waters neutralized to pH 7.0 by acid (churnings 4, 7, and 
10) were rendered acid by the first washing of the butter but were 
unchanged in the second washing. 

3. The water adjusted to the reaction of the cream (churnings 2, 
5, 8, and 11) remained at practically the same reaction throughout 
washing, 

4. The pH of the serum of the butter, though slightly less acid, 
when washed with alkaline water was not significantly changed. The 
greatest difference was between churnings one and two, 0.15 pH. 

5. In general it would appear that the surfaces of the grains of 
butter were affected by the wash water rather than the mass, as the 
pH of the serum of the butter was unchanged. 

The Change in the Reaction of Wash Water When Used for Washing 
Butter: A further series of experiments were conducted on the change in 
the reaction pf wash water, using (a) the natural alkaline wash water, (b) 
the same acidified to the pH of the cream and (c) water acidified to about 
the isoelectric point of casein. The washing of the butter was done in 
2-litre beakers as previously described, Jnstead of washing the same butter 
twice with the prepared waters, distilled water was used so as to remove 
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With Lactic Acid. 



TABLE 5 

Change in the reaction of water when held in contact with butter in the granular form 
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mechanically, as far as possible, the buttermilk before the acid or alkaline 
action of the water affected the butter grains. 

Table 5, in addition to confirming the statements one and three, in the 
previous experiment, shows that : 

1. In most cases after the wash water was held in contact with the 
grain of the butter for one hour, the pH of the water remained practi- 
cally constant till the end of the second hour. Note: In two eases 
where the period was continued for twenty-four hours the change was 
still slight. 

2. Being more acid, butter made from sour neutralized pasteurized 
cream affected the change in reaction of the wash water more than 
sweet pasteurized cream. 

3. The acid wash water at pH 4.7 changed most in reaction to- 
wards the alkaline side in the second and third washings; at least 
due in pari to its being only very slightly buffered between pH 4.7 
and 5.6. 

4. The mechanical washing by distilled water removes the free 
buttermilk, which was the main cause of the change in reaction of 
wash water lowards the pH of the cream. 

The Removal of Nitrogen ( Protein ) from Butter in the Grain by Wash- 
ing in Water at Various Hydrogen-ion Concentrations: Churnings were 
made in a 12-gallon crock churn and 300 grams of the butter in the grain 
weighed out into 2-litre beakers containing 600 ml. of water at the required 
pH. The 3 beakers, containing butter and water in each section, i.e., un- 
washed butter, w r ashed once with distilled water, or washed twice with 
distilled w r ater, w r ere treated as far as possible identically except for the 
difference of pH of the final wash water. After holding in contact with 
the butter for 2 hours, the filtered wash water was analyzed for nitrogen. 
The results, the average of duplicates, are expressed in milligrams of nitro- 
gen per litre. 

Before discussing table 6, it is as well to point out that the method used 
of weighing out 300 grams of butter in the grain, even though fairly firm 
and well rounded, leaves considerable chance for carrying uneven quanti- 
ties of buttermilk, or water used in the previous washing, into the next w T a.sh 
water. This point most probably accounts for the uneven results in table 
6, which only can be considered as showing certain trends, namely : 

]. On an average, with the sweet cream butter in the grain, more 
nitrogen (protein) was removed in the alkaline wash water, less in 
that which was the same pH as the cream and still less in the acid 
water, indicating that the alkaline wrater removed more protein from 
the butter. Three individual exceptions occur, tw r o in experiment 2, 
and one in experiment 3. 



TABLE 6 

Removal of nitrogen ( protein ) from butter in the grain by wasih voters at various pHs 
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2. With the sour neutralized cream butter, the removal of nitro- 
gen (protein) by the wash water gave too irregular results to draw 
conclusions, except where the grains had been twice washed with 
distilled water. Here the general trend was the same, namely : as the 
acidity increased, the nitrogen (protein) removed diminished. 

3. The lack of uniformity in table 6 calls for further investiga- 
tions by other methods before it can be said definitely that alkaline 
wash water removes more nitrogen (protein) from the surface of the 
butter than acid wash waters. 

4. Though not intended as a part of this investigation it was noted 
that the nitrogen in the second and third waters showed a very 
marked difference when comparing sweet and neutralized cream ; the 
proportion being about four times as great in the former as the 
latter. As the treatment had been similar in both cases, the problem 
might form an interesting study. 

DISCUSSION OP RESULT 

The presence of water of an alkaline reaction in Idaho and Washington 
has previously been reported (7, 8, 17). The results of our tests show that 
such water is frequently used as a creamery supply for washing butter in 
the grain. The analysis and buffer value of one such water supply (the 
Washington State College, Pullman) is given in detail and this supply was 
used for remainder of the experimental work in washing butter in the 
grain. 

The first experiments to determine what happened to the reaction of the 
butter and the alkaline wash water showed that the water became more 
acid due to free buttermilk (t.e., toward the pH of the cream) in the first 
washing of the butter. While in the second washing the reaction of the 
water remained almost unchanged. 

The reaction of the serum of the resulting butter washed twice was not 
significantly changed by the reaction of the wash water whether or not the 
wash water used was the same pH as that of the cream or alkaline. There- 
fore, whatever the effect of alkaline wash water may be, it is a surface effect. 

A preliminary study made to determine the effect on the surface of the 
grains of butter by the change in reaction of the wash water showed a 
trend for the alkaline water to remove more nitrogen (protein). This 
removal was greater in proportion after most of the free buttermilk was 
removed. Owing to the lack of uniformity in results due to an error in 
the method which has no means of measuring the free water weighed out 
with the butter, this trend cannot be made a definite conclusion. 

The problem is one which warrants further study as there are many 
texture defects of butter such as greasy and crumbly butter the causes of 
which are not answered fully. Wode (19) states, “The greasiness of butter 



370 


N. S. GOLDING 


345 may be attributed to a too large amount of free fat and the crumbliuess 
at a low temperature to an abundant crystallization of the free fat. ,, If 
this statement is accepted as a general principle, the breakdown or removal 
of surface layers would be expected to have a marked bearing on texture 
defects by increasing the free fat in the butter. 

The recommended practice of adding acid to a churn to prevent butter 
sticking during churning and working (5, 10) may in some ways be asso- 
ciated with alkaline waters. Further, with the introduction of metal 
churns the reaction of the wash water may play a more significant part. 
Also as the zeolite process is being recommended for dairies (2) and becom- 
ing more common ; therefore, an alkaline soda wash -water may require to 
be acidified before it gives the best results for washing butter. 

Finally, if there were an advantage to be obtained by standardizing the 
pH of the wash water, the process could be simply, accurately, and satis- 
factorily done in most creameries. 

SUMMARY 

The reaction (pH) of a number of creamery -water supplies in Idaho 
and Washington have been made at their respective creameries by colori- 
metric methods. As a considerable proportion of these waters were found 
to be alkaline in reaction, one sueb supply was employed to determine the 
effect of an alkaline w T ater, when used for washing butter. 

The first wash water, after washing the butter, was found to have a 
reaction between that of the water and cream -while the second wash water 
retained the reaction of the original water. On determining the reaction 
of the serum of the butter, only slight changes were found ; therefore, it 
was concluded that the changes in the reaction of the second wash water 
were largely a surface effect on the butter. 

The nitrogen (protein) removed from butter in the grain by wash 
waters at various reactions w*as determined and found to be slightly greater 
in the alkaline wash waters as compared with those which had been acidi- 
fied. After extraneous buttermilk was removed, which affected the reac- 
tion of the first wash water, the evidence of dissolved protein in the alkaline 
wash water was more marked. 

The effect of alkaline water on the texture of the butter by possibly 
liberating more free fat in the butter was anticipated, but further experi- 
ments are necessary to establish the theory. 
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THE BACTERIOLOGY OF SWISS CHEESE. II. BACTERIOLOGY 
OF THE CHEESE IN THE PRESS 


W. C. FRAZIER, L. A. BURKEY, A. J. BOYER, G. P. SANDERS, 
and K. J. MATIIESON 

Research Laboratories, Bureau of Dairy Industry , U . S. Department of Agriculture , 

Washington, I). C. 

The growth and activity of bacteria in the kettle contents during manu- 
facture of Swiss cheese have been discussed in a previous paper (5). It 
has been shown that of the starter bacteria added to the milk in the kettle, 
only Streptococcus thermophilus grows to any extent in the kettle contents 
and that it causes little or no change in the acidity of the curd and whey. 
This paper will deal with studies on the cheese from the time the curd is 
dipped into the hoop until the cheese has been in the press for 21 hours. 

Other workers have noted the presence of streptococci as well as laeto- 
bacilli in the cheese in the press. Orla-Jensen (7) observed that. Strepto- 
cocci were active during the first hours the cheese was in the press and 
that the lactobaeilli became active later. Thoni (0) found that cocci 
usually predominate in one day old cheese, but after a short time decrease 
rapidly, while the lactic rods increase and then make up 80 to 100 per cent 
of the flora; in small cheeses the lactic rods were found to predominate, 
even in the fresh mass. Most reported work on bacteria present in cheese 
deals with later stages of ripening. The growth of S. thermophilus and 
L. helve ficus Bergey ( 1B34) or L. c.asei Bergey (1923) in the cheese on 
the press has been referred to in an earlier publication (4) and the resulting 
development of acidity has been demonstrated. 

METHODS 

Samples of the curd 'were taken by means of a No. 8 cheese trier and 
only that part of the plug four or more inches from the rind of the cheese 
was used for either chemical or bacteriological examination except in special 
experiments. Tests had shown that it w 7 as necessary to take samples this 
far from the rind because the outside of the cheese cools more rapidly, 
develops acidity at a greater rate, and has a much higher bacterial count 
than the inside. The one gram sample of cheese curd for bacteriological 
examination was carefully weighed and was ground with sodium citrate 
by the method described by Burkey (1) : the cheese was placed in a 2f inch 
mortar which had been previously steamed and then cooled to about 50° C. 
To the cheese in the mortar a few cubic centimeters of water at 50° C. 
were added from a sterile 9| cc. water blank. The cheese and water were 
ground together for one minute; 0,2 gram of sodium citrate w r as added; 
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the mixture was ground until a smooth homogeneous paste was formed; 
and finally the remainder of the water of the 9J cc. blank was added. 
One cubic centimeter of this mixture contained one-teutli of a gram of 
cheese and was used in making further dilutions for microscopical and 
cultural examinations. When slides were to be made, dilutions wore made 
in alkaline 50% alcohol and the preparations were fixed and stained by 
Burke’s modification of the Gram method, as described in an earlier paper 
(5). For plate counts of bacteria, tomato milk-powder agar was used; 
citric acid agar was used for counts of aerogenes bacteria, and deep cultures 
in yeast extract-peptone-sodium lactate agar were used to determine num- 
bers of lactate-fermenting bacteria. 

Both types of starter bacteria, the streptococci and the laetobaeilli, 
form chains when they increase in numbers. Consequently, an increase 
in numbers would be detected by the microscopic method, by which indi- 
vidual cells can be counted, better than by the plate method, which is based 
on copnts of chains or clumps of bacteria. It is true that living and dead 
cells cannot be clearly distinguished by the usual microscopic method. The 
counts, however, were made from preparations stained by the Gram method 
and only the Gram-positive cells were counted. Cells old enough to be 
Gram-negative were considered dead. Any marked increase in numbers 
as determined by this method must be considered significant, while a small 
decrease may mean nothing more than the aging of some of the cells. A 
comparison of counts the plate method and the direct microscopic 
method, is shown in Table 3. 

In Table 1 a few counts arc given of numbers of living bacteria deter- 
mined by the method of Frazier and Boyer (3). Most of the counts 
reported in this paper had been made before this method was developed. 
The counts in Table 1 permit, however, a comparison of results by the 
new and by the usual Gram melhod and given an idea of how near counts 
of Gram positive organisms are to counts of living organisms. 

RESULTS 

Most of the data here reported were obtained from small experimental 
cheeses of about 50 to 55 pounds, green weight, made at Washington, D. C. 
Results with full-sized cheeses made at the Grove City Creamery, Grove 
City, Pa., will be included in the following paper. 

A number of studies were made in which samples were taken every 
hour or every two hours from the time of dipping through the eighth or 
tenth hour and again at the twenty-first hour. Results indicated that 
samples at 0, 3, 8, and 21 hours gave a good indication of the growth of 
the starter bacteria in the cheese; therefore from most cheese only three 
or four samples were taken. Several workers have shown that bacteria grow 
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in colonies in the cheese curd. Hence the bacterial count on a gram of 
cheese may vary somewhat, depending upon the number and size of the 
colonies in the sample. For this reason the average of results from a 
number of cheeses is used in Figures 1 and 2. Examples of counts on 
individual cheeses are shown in Tables 1, 2, and 3, and it will be noted 
that occasionally a count does not fit well into the general trend of bacterial 
growth. 


TABLE 1 

Numbers of L. helveticus ( SOa ) and S. thcrmophdus (C 8 ) per gram in a cheese 

in the press 


TIME 

HI 

| NOS. OF ORGANISMS- • GUAM STAIN 

| NOS. OF LIVING ORGANISMS 

39a 


39a 


HUS. 

0 

6.40 

3,000,000 

48.000,0(10 

970,000 

35,100,000 

J 

6.28 

3,480,000 

36,600,000 

1,850,000 

15,000,000 

3 

5.94 

1 ,500,000 

77,100,000 

2,660,000 

64,000,000 

7 

5.35 

630,000 

231,000,000 

2,500,000 

190,000,000 

9 

5.35 

630,000 

248,000,000 

2,080,000 

184,000,000 

11 

5.26 

11,000,000 

248,000,000 

11,600,000 

187,000,000 

13 

5.22 

182,000,000 

257,000,000 

184,000,000 

181.000.000 

22 

5.06 

393,000,000 

349,000,000 

316,000,000 

226,000,000 


TABLE 2 

Numbers of L. bid gar tens {(in) and S. thermophdus ( (\) per gram ui a cheese 

in the press 


TIME 

TUMI'. OF 

ill 

XI M ItURK OF ORGANISMS 

FlIKESK 

<;a 

<\ 

1IHS. 

°(\ 




0 

50.7 

6.41 

1,360,000 

116,000,000 

1 

50.1 

6.24 

1,360,000 

103,000,000 

3 

47.8 

5.84 

198,000 

105,000,000 

5 

44.5 

5.79 

1,180,000 

83,300,000 

7 

42.1 

5.59 

161,000,000 

142,000.000 

9 

39.8 

5.38 

787,000,000 

246,000,000 


STARTER BACTERIA 

Figure 1 shows the development of acidity as indicated by changes in 
pH and the growth of the two starter bacteria, 8. thennophihis, C 3 strain, 
and L. helveticus Bergey, 1934, (L. casei Bergey, 1923) 39a strain. The 
data used in plotting the curves up to 9 hours were the average figures 
from a number of experiments. 

Usually 8 . thermophilus decreased slightly during the first two or 
three hours that the cheese was in the press and then increased at a fairly 
rapid rate until about the seventh hour. After this the streptococci in- 
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TABLE 3 

Numbers of starter bacteria and of Aerobacter aerogenes per gram in a cheese and a 
comparison of counts by the plate and direct microscopic methods 


! 

TIME 

pH 

DIRECT MICROSCOPIC 
COUNTS 

PLATE COUNTS 

39a 

c. 1 

Uas orgs. 1 

80a* 

<V 

Hrs. 

Before dip 


1,350,000 

15,800,000 

36,500,000 

650,000 

4,700,000 

3 

5.88 


69,300,000 

7,000 

< 10,000 

13,300,000 

5 

5.64 


77,000,000 

< 1,000 

< 10,000 

17,500,000 

9 . . . 

5.40 

4,720,000 

292,000,000 


200,000 

117,000,000 

11 

5.37 

28,000,000 

323,000,000 

: 

7,300,000 

97,000,000 

21 .. 

5.10 

161,000,000 

153,000,000 


213,000,000 

31,000,000 


1 Counts on citrate agar. 

9 Counts on tomato milk -powder agar. 


creased or decreased in numbers slowly and were sometimes slightly higher 
and sometimes considerably lower in numbers by the time the cheese w*as 
21 hours old (Figure 1). In some experiments the numbers of streptococci 
were constant for the first three or four hours and in some increased slowly 
during that time. In most cases there was a rapid increase in numbers 
thereafter until the sixth to eighth hour. In some cheeses there was a 
decrease in the numbers of S. thermo phi l us after this first maximum, 
followed by an increase to a second and greater maximum. This often 
occurred when a weak lactobacillus culture had been used. In other cheeses 


k e o 


(0 

s 

t> 


© 

o 

~» 


7.0 


6 0 


K 

/~ 



■ 

\ 


0*39* 

OC» 

V«pH 




— 


r 


6 0 




5.5 


© 

ui 


x 

© 


X 

o. 


6.0 


0 4 8 \Z tf 

TIME (HOURS) 

Fig. 1. Growth or L. helveticus (39a) and 8, thermophUus (C # ) in Swiss cheese 
IN THE PRESS. AVERAGE RESULTS FROM A NUMBER OF CHEESES. 



BACTERTA OF CHEESE 


377 


the numbers of 8. therm, ophilus decreased gradually and there were com- 
paratively few in the cheese at 21 hours from dipping time. This usually 
happened when an exceptionally active lactobacillus culture had been used. 

As indicated in Figure 1, L. helvetieus (39a) usually decreased slowly 
in numbers until about the sixth or seventh hour in the press, after which 
a fairly rapid increase took place. Individual cheeses often showed con- 
siderable variations from the results indicated in Figure 1. The variation 
which may occur in the curve of the development of the starter cultures 
and the pH is indicated in Figures 1 and 2 by duplicate symbols. Although 
39a started to increase in numbers at about the sixth to eighth hour in 
the press -when a strong starter culture was used, it usually did not start 
until several hours later when a weak culture was used. In the experi- 
ment shown in Table 1, 39a did not start to grow until about the tenth 
hour and in other cases growth did not start until the eleventh or thirteenth 
hour. The number of 39a organisms after 21 hours varied considerably 
in different cheeses. In some cheeses the lactobaeilli apparently did not 
get w r ell started and were low in numbers after 21 hours, while in other 
cheeses large numbers of 39a organisms were present. 

Average figures show a fairly rapid drop in pH of the cheese during 
the first 7 hours in the press and a more gradual decrease thereafter. 
Most of this rapid decrease in pH takes place w T hile only 8 . thermo phil us 
(CJ is present in considerable numbers and is growing. Yet during the 
first three hours in the press the average number of C, organisms present 
is only from 43, (100,000 to 63,400,000 per gram. This number of organisms 
seems inadequate to cause the rapid drop in pH which is taking* place. 
The increased size of these organisms, as measured under the microscope, 
may be an explanation of this unusual activity. Most of the cocci arc three 
to four times as great in diameter and therefore 27 to 64 times as great 
in volume as cells in a culture grown at ordinary temperatures. In ex- 
periments w T ith E. coli , Walker and Winslow (10) found an enormous 
increase in the rate of metabolic activity per cell tow-ard the end of the 
initial lag period. The activity at this time was greater than that during 
the period of stable population and that during the phase of logarithmic 
increase. Later work (11) indicated that the iuerease in activity per cell 
could be accounted for partly, but not entirely, by the increase in Ihe 
size of the cells late in the lag period, and the decrease in metabolic activity 
per cell during the logarithmic growth phase could be partially explained 
by a gradual decrease in cell size. Hansen (6) found that the fermentative 
ability of a thermophilic lactic organism at 55° was 30 times greater than 
that of S. laetis at 20° C. A further explanation of the above effect 
may be found in the fact that in milk the buffer index is much less when 
the milk is fresh, at pH about 6.6, than when the acidity has increased 
to approximately pH 5.2. Consequently, it may be expected that in the 
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first 3 hours in the press, small amounts of acid can produce relatively 
large changes in concentration of hydrogen ions. 

The pH of the cheese after 21 hours serves as an indication of the 
activity of the lactobacilli in the cheese in the press. In large cheeses when 
the lactobacilli have been active, the pH at 21 hours will be about 5.0 to 5.1 ; 
if these bacteria were ineffective the pH at 21 hours may be 5.2 or over. 
Likewise the pH of the cheese after 3 hours is an indication of the activity 
of 8. thermophilus (C 3 ) in the cheese. A pH value of 6.05 to 6.1 at 3 
hours would indicate that the activity of these streptococci was about 
normal. A pH of 5.6 at 3 hours would indicate great activity of C 3 and 
a pH of 6.25 somewhat less than normal activity. These pH values will 
depend, of course, on the pH of the kettle milk and of the cheese curd at 
dipping time and should be considered as relative rather than absolute 
values. 

Results at Washington, D. C., with small cheeses of about 50 pounds, 
green weight, indicate that the pH of the curd after three hours in the 
press should be 5.80 or less, and after twenty-one hours 5.15 to 5.30. 
These pH values would be obtained when 8. thermophilus had been very 
active during the first hours that the cheese was in the press and when 
L. helveticus had been comparatively inactive during the first twenty-one 
hours. The cheeses were made from a mixed Jersey and Holstein milk 
with a pH of 6.5 to 6.6 and a titratable acidity of 0.17 to 0.18 per cent. 
Results were different with large cheeses of the size made in the cheese 
factories. The relationship between pH values of the large cheeses and 
quality of the cheeses after they were cured will be discussed more fully 
in a following paper (No. Ill of this series) . 

Figure 2 shows the pH curve and the growth curves of 8. thermophilus 
and Lactobacillus bulgaricus Bergey, 1934 (Ga). The curves were made 
from data from a number of cheeses. The culture “6a” is a laetobacillus 
grown with a mycoderm. This laetobacillus has a higher maximum tem- 
perature than 39a and starts to grow earlier in the cheese. It usually 
begins to increase in numbers about the 5th hour, but when a weak culture 
is used growth is considerably delayed. The growth of 8. thermophilus 
in cheese made with the Ga culture is similar to its growth with 39a, 
but average results indicate that C a reaches its maximum later in cheese 
containing Ga. 

Table 2 shows the results from a cheese made with Ga and C 3 cultures, 
with temperatures of the cheese where the samples were taken. It will 
be noted that Ga did not begin to grow until the temperature was below 
44° O. 39a usually does not begin growth until the temperature falls 
below 43° €. 

The temperature in the interior of large Swiss cheese will drop more 
slowly than in small ones. In a cheese of about 160 pounds, green weight. 
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Fig. 2. Growth of L. bnl</(tncn.s (Ga) and S. thnmopluht a (C 1 *) in Swiss cheese in 
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aflcr a cooking temperature of r>3.3° C. (128° F.), tlie temperatures six 
inches in from the hoop side were 50.5° C. at dipping; time, 50° C. after 
3 hours, 47° C. after 7 hours, and 39° C. after 21 hours. Both 39a and 
Ga begin to grow Jater in these large cheeses than in the smaller (Wash- 
ington) cheeses, liesults of counts on large cheeses at the Grove City 
Creamery showed that the C a organisms were in about the same numbers 
during the early hours in the press as in the smaller Washington cheeses, 
but that the 39a organisms started to grow about two hours later in the 
larger cheeses. A common practice in Swiss cheesemaking is to add cool 
water or whey to the kettle contents just before the curd is dipped out. 
This reduces the temperature of the curd and makes it more like that 
of the curd of freshly dipped small cheeses. 

GAS FORMING BACTERIA 

As has been reported in a previous paper (5) organisms of the 
Escherichia- Aerobacter group are able to grow in the kettle contents during 
the Swiss cheese making process if they are present in large enough num- 
bers in the original milk. That gas forming bacteria of this group are 
able to grow in the cheese in the press and cause “sounding” or even 
bloating is a well known fact. Dorner (2) reports that Bad. aerogenes 
is harmful to Swiss cheese and that Bad . coli is comparatively harmless. 
Similar results have been obtained at the Washington laboratories in 



TABLE 4 

Effect of added Escherichia communior on cheese with and without added S. thermophilic starter 
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experiments in which a culture of Escherichia comma nior or of Aerobacter 
aerogenes was added to the kettle milk. Both 8. thermophilic and L. 
helveticns starters were added to the control cheeses but the streptococcus 
culture was omit ted from the test cheeses. Results of the experiments 
with E. commnnior are shown in Table 4 in which the description of four 
typical pairs of cheeses of the series at time of cutting is given. Ail of 
the cheeses which received gas organisms but no 8. thermophilic starter were 
gassy or bloated in the press. The results showed that E. commnnior did 
not harm the cheeses when proper starter cultures were used. Figure 3 



Fig. 3. Pair op three months old cheeses made at Washington, I). C. Upper 
cheese received S . tHcrmopMus culture; lower received none. Eschrnchm 
commurnor had been added to the milk prom which the cheeses were made. 


shows the No. 877 pair of cheeses when cut. Iu Table 3 are shown the 
results of similar experiments in which Aerobacter aerogenes was used 
instead of E. commu nior. All cheeses without added 8. thermophilic 
were bloated in the press, while cheeses to which this starter had been 
added showed no signs of gas in the cheese in the press. Most of the 
cheeses, however, regardless of the starters added were of poor quality. 
This has been true of all cheeses to which very many A. aerogenes organisms 
have been added, regardless of the starters used and whether or not gas 
production has been suppressed while the cheese was in the press. In all 
experiments at these laboratories it has been possible, by the use of good 
starters, to suppress gas formation which would otherwise result from 
addition of A. aerogenes organisms, but the resulting cheeses have been 
consistently poor in grade. Figure 4 shows a pair of cheeses cut after 
21 hours in the press. Cheese No. 744 received no 8 . thermophilus starter 
and was bloated in the press. Table 3 shows typical counts of gas and 
starter organisms in a cheese made from milk to which A. aerogenes had 
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Fig. 4 . Pair of onk day old cheeses made at Washington, 1 ). <\ The lower cheese 
received S. thennoplnlus starter; the upper cheese kec eived none. Aerobarter 
aerofjencs had been added to the milk from which tite cheeses were made. 


been added. The pis bacteria were high in number just before the curd 
was dipped but decreased rapidly in the cheese and were not found after 
3 hours in the press. 

It has been our experience in cheese factories that the activity of ihe 
lactobacillus starter is also important in restraining the growth of gas- 
forndng bacteria in cheese in the press. At the Grove City Creamery 
the cheeses usually “sound” or show’ evidences of gas formation when the 
cheese has a high pH value after 21 hours in the press, an indication of 
inactivity of the lactobacillus starter. 

The anaerobic gas-forming bacteria of the Clostridium group do not 
usually grow enough in cheese in the press to cause evident changes at 
that time. Heavy contamination of the milk with spores of these bacteria 
in combination with weak or inactive starter bacteria may cause gas forma- 
tion in the press. Usually the action of these anaerobic gas-formers in 
the cheese takes place later. 


OTHER BACTERIA 

Counts on the propionic acid bacteria, Propionibactcrium shermanii, 
show that these organisms do not grow in the cheese in the press and 
in fact may decrease slightly in numbers. Other lactate-fermenting bac- 
teria are able to grow in cheese in the press, however, and under some con- 
ditions may be present in large numbers 21 hours after dipping. It was 
reported in a previous paper (5) that some of these organisms can grow 
in the kettle contents. Some of them can grow still better in cheese in 
the press. Counts of tetracocci and of rod-shaped bacteria of the Lacto - 
bmillus casei Bergey, 1934, ( Bacillus casei a v. Freudenreich ) type in a 
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large number of cheeses showed that the tetracocci increased from 6,000- 

70.000, average 10,000 per cubic centimeter, in the kettle milk to 10,000- 

1 .000. 000, average 100,000 per gram, after 21 hours in the press. These 
tetracocci resemble those described by Or ia- Jensen (8) and by him given 
the genus name of Tetracoccus. These organisms will be discussed in more 
detail in a following paper. ‘When these bacteria are added to the kettle 
milk they sometimes reach large numbers in cheeses after 21 hours in 
the press. As many as a billion tetracocci or L. casei organisms per gram 
have been found in individual cheeses. 

The growth of S. lactis is stopped by cooking temperatures in the 
kettle, as was shown in a previous paper (3). Counts of these organisms 
in the press show that even if they are present in large numbers when 
the curd is dipped they decrease rapidly in numbers during the early 
hours of the cheese in the press and are few in number at the end of 21 
hours. 

Organisms of the Lactobacillus lac t is Bergey, 1934, and Lactobacillus 
longus Bergey, 1934, types were seldom found in the cheese in the press 
and then usually when unsterilized kettle whey had been used as a starter. 
As many as a billion of these organisms per gram have been found in 
21-hour old cheese made with unsterilized whey starter. These cheeses 
were all of poor grade when cut. 

DISCUSSION 

It is evident that both Streptococcus thermophilus and a lactobaeillus 
starter are important in cheese in the press. The streptococci are needed 
to produce an increase in acidity during the first hours in the press. Their 
aetion is almost complete after about eight hours and, unless tlic lacto- 
baeillus starts to grow at or before this time, opportunity is given for 
the growth of undesirable bacteria. An effective lactobaeillus culture will 
continue to increase the acidity and bring the pH value of the cheese 
down toward 5.0 as a minimum. 

Experiments reported in this paper have shown that a good 8. thermo - 
philus starter will suppress gassiness or bloating of the cheese in the press. 
Experience has shown that an effective lactobaeillus starter iR also necessary 
to keep down the gas-forming bacteria. A culture like Ga which starts 
to grow r earlier than the 39a culture, and which causes a more rapid de- 
velopment of acidity in the cheese would be a more effective starter organ- 
ism for combatting gas than 39a. Too rapid a production of acid in 
the cheese in the press, however, is harmful to the quality of the ripened 
cheese as will be shown in a following paper. Consequently, the addition 
of large amounts of starter may suppress gas formation in the cheese in 
the press but may cause other defects in the cheese. As has been stated 
above, the presence of large numbers of A. aerogenes bacteria ia the kettle 
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milk usually foretells a cheese of poor quality, even when the gas forma* 
tiou in cheese in the press has been inhibited. Efforts must be made to 
keep the numbers of A. aero genes in milk at a minimum if cheese of good 
quality is to be made. 

The maximum acidity attained by the cheese in the first day is of im- 
portance in determining the fermentation which will take place subse- 
quently in the cheese, if acid production has been too rapid during the 
first hours in the press, as indicated by a rapid drop in pIT values of 
the interior of the cheese and too rapid drainage, then the pH at 21 hours 
will usually be high. The acidity of this cheese will never become as great 
as it should and, as a consequence, eyes will probably form too early and 
in too great numbers and the cheese will become overset. If, on the other 
hand, the early acid production is too slow, which tends to result in slow 
or insufficient drainage, the acidity of the interior of the cheese at 21 
hours is likely to be high ; in such a case eye formation will be delayed 
and the eyes may In* too few, too small, or even absent (“blind” cheese). 
The regulation of the growth and action of the starter bacteria in the 
cheese in the press affords a means of controlling to a great extent the 
changes in the cheese both in the press and later in the curing rooms, 
ft must be realized, of course, that proper use of starters will not correct 
defects due to poor milk, incorrect manufacturing methods, or improper 
care in the cellars. 


SrMMAKY 

A study has been made of the bacteriology of Swiss cheese from the 
time the curd was dipped from the keltic until 21 hours later. 

Small cheeses with a green weight of about 55 pounds were used in 
most of the experiments, but results have been compared to those with large 
cheeses. 

A summary of results showed : 

8. thermophilus usually started to grow within three or four hours 
after dipping and increased in numbers rapidly until the sixth or eighth 
hour. Thereafter the increase in numbers was slow and in some eases the 
numbers decreased gradually until the twenty-first hour. 

L. helve ficus (39a) usually decreased slowly in numbers until about the 
sixth to eighth hour in the press and then increased at a fairly rapid rate. 
The numbers after 21 hours were high with an active starter and low with 
a weak one, 

L, bnlgaricus (Ga) usually decreased in numbers until about the fifth 
hour after dipping when a rapid increase in numbers took place. 

The pH of the cheese usually dropped more rapidly during the first 
seven or eight hours than during the later hours. This early drop in pH 
evidently was due chiefly to the action of the 8. thermophilus organisms 
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present. Most of the cells of 8. thermophilus had a diameter 3 or 4 times 
and a volume approximately 27 or 64 times as great as that of cells grown 
at ordinary temperatures. This is one explanation for the large fermenta- 
tive activity per cell during the first hours of the cheese in the press. More- 
over, small amounts of acid can produce relatively large changes in pH 
during the early hours in the press, since the buffer value is relatively 
small in the early pH range. 

The pn of the cheese at three and at twenty-one hours after dipping 
may serve as an indication of the effectiveness of the 8. thermophilus 
and lactobacillus starters, respectively. The relative change in pH is more 
significant than the actual pH value. 

The action of 8. thennophilus is about the same in large cheeses as 
in small, but the growth and action of the lactobacillus cultures usually 
begin an hour or two later in the larger cheeses, because the interior cools 
more slowly than in smaller cheeses. 

Gas formation and growth by either Eschf rich ia communior or Aero- 
hacfer aerogenes can be suppressed in cheese in the press by use of aetive 
starters. Tf A. aerogenes has been present in large numbers in the kettle 
coutents, however, a poor quality cheese will probably result. 

Propionibacterium shermanii did not grow in cheese in the press. Bac- 
teria of the tetracoccus or Lactobacillus casei types usually increased in 
numbers, if present, and under some conditions attained large numbers by 
the twenty-first hour. 

C. I act is died off rapidly in cheese in the press. Organisms of the 
Lactobacillus lactis and Lactobacillus longus types were able to grow 
rapidly but usually were not present in large numbers. 
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INFLUENCE OF SEASON AND ADVANCING LACTATION ON 
BUTTERFAT CONTENT OF JERSEY MILK 

K. B. BECKER and P. T. DIX ARNOLD 
Florida Agricultural Experiment Station , Gainesville 

INTRODUCTION 

Environment and stage of Jactation are two factors affecting tlic fat 
content of cow’s milk. The environmental conditions in Florida — seasonal 
ranges in temperature, distribution of rainfall and length of grazing 
season — differ from those of other latitudes. Because of these differences 
in environment, it was desirable to study tlic variations in the fat content 
of cow’s milk in this latitude. 

THE STATION HERD AND ITS ENVIRONMENT 

The dairy cattle owned by the Florida station are located at Gainesville, 
in the center of the north end of the Florida peninsula, some sixty miles 
from the Atlantic Ocean and from the Gulf of Mexico, at an altitude of 
about 176 feet above sea-level, between 29° and 30° North latitude. The 
temperatures from 1917 to 3932, inclusive, ranged from an average mean 
minimum of 46.5° F. in January, to a mean maximum of 90.7° in August. 
An average annual rainfall of 51.03 inches was reported at Gainesville 
during those years, of which 27.65 inches fell during June to September, 
inclusive. The dairy herd always has been limited in numbers of cows. 
The dairy barn has 36 stanchions, which seldom were all filled. During the 
earlier years, some high grade Jerseys were in the herd, but were replaced 
with registered Jerseys in the course of time. 

Cows have grazed over the same pasture during this period of years. 
They were allowed access to pasture daily throughout the year, in the 
majority of seasons, and were stabled in an open barn only during the 
milking hours. Silage was fed to supplement pastures, almost to the exclu- 
sion of hay, prior to 1929. Since 1929, a very limited amount of alfalfa hay 
was fed to the higher producing cows. Feeding practices were reasonably 
uniform otherwise, except with regard to mineral supply, as was pointed 
out in Florida station technical bulletin 262. 

REVIEW OF LITERATURE 

The seasonal influence on butterfat content of milk w*as observed by 
Eckles (2) to be independent of feeding practices. “The tendency is for 
the tests to reach the low point in early summer, usually June, and the 
highest point in December or January/’ He (4) stated later that “The 
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effect, of the season is apparently the result of weather conditions, especially 
heat and humidity. . . . during a period of hot, humid weather the per- 
centage of fat is depressed, while if the conditions are . . . dry and cool, 
the test is increased.’ 5 With cows fed mainly on alfalfa hay, Headley (8) 
observed the high average butterfat test in November and the low test in 
July. He stated that ‘ 4 These results show conclusively that the fat content 
of milk varies with the season, regardless of the kind of ration used.” 
Baker and Oranfield (1) in a study conducted at milk depots in England, 
found the highest test in November, and the low average test in June. 
Hittcher (10) in a study of milk of 16 Holstein cows, noted that in all 
cases there was a rise in butterfat content of the milk in the month of 
September, probably due to environment. 

Ragsdale and Brody (13) observed 10 cows over 41 days (March 13 to 
April 22) at the Missouri station. With mean daily temperature ranges 
between 27 and 70° F., there was a depression of almost 0.2 per cent in 
the average fat content of the milk, for an increase of 10° F. between the 
observed temperatures. Hays (7) noted a depression of 0.079 per cent fat 
per 10 degrees rise in mean temperature over 258 days, from January, 1924, 
when the entire Missouri station dairy herd was studied under uncontrolled 
conditions. With two Jersey cows kept in rooms with temperatures main- 
tained more uniformly over periods of about one week duration, the average 
depression of 0.095 per cent in fat test per 10 degrees rise in temperature, 
was noted in seven trials between 27, and 92.7° F. In the temperature 
range between 27 and 72.5 degrees, an average depression of 0.189 per cent 
fat occurred for each 10 degrees depression in temperature. Above 70° F., 
an unexpected rise in fat test occurred, perhaps attributable to an increased 
rate of metabolism with the higher temperature. Temperature, Hays con- 
cluded, is a major factor in the seasonal variation in percentage of fat in 
cow’s milk. 

Weaver and Matthews (17) analyzed one year’s records of dairy cows 
at the Iowa station, and calculated by application of regression equations 
that for each degree of increase in atmospheric temperature outside the 
dairy barn the fat percentage in Ayrshire milk was decreased 0.0017 per 
cent; in Guernsey milk, 0.0103 per cent; in Holstein milk, 0.0063 per cent; 
and in Jersey milk, 0.0066 per cent. 

It is generally recognized that milk tends to become richer in fat as lac- 
tation advances. However, this increase is not continuous from date of 
calving. Breeds differ as to duration of an interval following parturition, 
during which a high butterfat test occurs temporarily, this period usually 
being one-half to three months in length. Eckles and Shaw (4) state that 
"The per cent of fat on the average, declined during the first three months, 
followed by a period of 4 or 5 months with but little change. From this 
point a rapid increase was found to the end of the lactation period.” 
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Hills (9) studied 30 private herds in Vermont, and additional lactation 
records from herds in Minnesota and New York. He reported that, in 
general, changes in the fat tests were inverse to changes in temperatures. 
Also, that the lowest fat tests with two-thirds of the cows, occurred within 
2 to 4 months after calving, and the highest tests after the seventh month 
of lactation. Hogstrom (11) studied 822 lactations, principally by Ayr- 
shire cows, and found that after omitting the colostrum period, the percent- 
age of fat was higher the first month, then decreased until the third month, 
when it reached the minimum. From there, the butterfat tests increased 
gradually, attaining the maximum at the close of lactation. Speir (16) 
reported that the highest fat content of the milk from a group of almost 
400 Ayrshire cows was during the first, week after calving, and that the 
lowest average test was during the fourth week, followed by a gradual 
increase to the end of the lactation. Linfield (12) tabulated the Jactations 
of 16 cows of several breeds in the Utah station herd, and concluded that 
the percentage of fat decreased slightly in the second month, then gradually 
increased until the ninth month, after which the rate of increase was more 
rapid, until the end of the lactation. 

Eckles (3) pointed out from a study of 3,154 lactations representing 
several breeds of dairy cows, that there was a slight decline from the first 
to second month after calving, followed by a gradual increase to the twelfth 
month. Moreover, he stated that . . the seasonal influence modified the 
variation in fat content of milk materially, and in fact is a greater force 
than stage of lactation, except for the rapid increase as the cow is going 
dry.” 


EXPERIMENTAL METHODS ANI) RESULTS 

From the Florida station herd, 293 lactations were obtained by registered 
Jersey cows. The cows were milked twice daily, and butterfat tests had 
been made at seven or more monthly intervals during each lactation. The 
preceding calf had been dropped normally, and no illness or other condition 
was known which might have an abnormal effect upon lactation. 

The 293 lactations were assembled into groups according to the month 
in which the cows freshened. These groups ranged from 15 cows that 
calved during May, to 40 during October. The average fat tests were 
determined by months for each group. All fat determinations had been 
made by the Babcock method. The number of monthly butterfat tests 
ranged between 219 in September and October, and 266 during March. 
These group averages were assembled in such a manner as to show the 
calendar month of each test, as well as the number of months after calving, 
giving the group averages equal weighting. 

The method of arranging average butterfat tests in 144 cells (twelve 
rows of cells for calendar months and twelve rows for the successive months 
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centage in the milk of Jersey cows than do the environmental (seasonal) 
factors. 


STATISTICAL SIGNIFICANCE 

Fisher's “Z” test (6) as modified by Snedecor (15), was used to test 
for significant contributions to variance in butterfat percentages in Jersey 
milk by season of the year and advancing lactation. The ratio of the 
between-month-after-calving mean square to the remainder mean square is 
25.76:1. The ratio of the between-calendar-months mean square to the 
remainder mean square is 15.24:1. These two “F” values are much 
greater than the “F” values for the point of one per cent probability, as 
given in Snedecor 'a tables of “F” values. Both are highly significant. 
The ranges in fat percentage between months after calving are seen to be 
more highly significant, and of greater magnitude, than those for different 
calendar months. These relationships are shown in table 2. 


TABLE 2 

Contribution of month-after -valving and of calendar-month to total variance in 
percentages of butterfat m the milk of Jersey cows 


SOURCE OF VARIATION 

DEGREES OF 
FREEDOM 

SUM OF 
SQUARES 

MEAN 

SQUARES 

“F” VALUE 

Total 

Between months 

144- 1 = 143 

30.832800 1 



after calving 
Between calendar 

12- 1= 11 

25.272347 

1.38839518 

25.762 

months 

12 - 1 = n 

9.039401 

.82176373 

15.248 

Remainder 

11 xll = 121 

6.521052 

.05389299 



TEMPERATURE AFFECTS FAT PERCENTAGE 

Meteorological data from the observatory of the United States Weather 
Bureau were assembled for the same period of years over which the butter- 
fat records were obtained. The mean maximum and mean minimum tem- 
peratures were averaged, as shown in table 3, and used in analysing the 
relative influence of temperature upon butterfat percentage in the milk of 
Jersey cows. The method of analysing the butterfat percentages, as previ- 
ously described, permitted the data used here to be practically independent 
of modifying influences due to advancing stage of lactation. 

Between the range of 57 and 81° F., average mean temperatures for the 
different calendar months, there was a spread of approximately 0.70 per 
cent butterfat in the milk of these Jersey cows. Ezekial's formulae 8, 9 
and 10 (5) were applied to these data, on the assumption that within this 
range of temperatures, the variation in fat percentage was a straight line 
function. For each increase of 10° F. between 57° and 81°, a decrease of 
0.31 per cent fat was found. * The results of this analysis are shown in 
figure 2, which is based upon data given in table 3. 
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FlO. 2. ASSUMING THAT THE ( ITANGE Ol’ RUTTER FAT PERCENTAGE WITH TEMPERATURE 
IS A STRAIGHT LINE PI \CTION WITHIN CERTAIN LIMITS, IT MAS CALCULATED FROM .IKRREY 
B UTTER FAT TESTS ACCl M PLATED OVER 16 \ EARS. THAT A DECREASE OF 0.031 PER CENT FAT 
OCCURRED PER DEGREE INCREASE IN TEMPERATURE BETWEEN 57 AND 81°. 


It may be mentioned in Ibis connection that Ilays (7) suggested from a 
study of fewer records of animals under more closely observed tempera- 
tures, but with tbe influence of advancing stage of lactation only partially 


TAHLK a 

The relationship between mean If tape ratines, an men uunfall and monthly hutter/at 
pt reen t et ye s in Jersey milk at Gaincsiille , Florida, V)L7 to 1 9SJ 


MONTH 

j MEAN TEMPER A'l UKK 

A\ KHAOR 
RAINFALL 
IM II FS 

A\ Kit ALE 
ltTH'1 KRFAT 
PERCENTAGE 

Maximum 

degree** 

Minimum 

degrees 

A \ era go 
deg tees 

January 

<>8.7 

46.5 

57.6 

3.15 

5.33 

February 

71.7 

48.7 

60.2 

2.83 

5.27 

March 

75.4 

52.8 

64.1 

3 62 

5.17 

April 

81,4 

57.4 

69.4 

3.23 

5.03 

May | 

86.5 

62.5 

74 5 

3.46 

4.80 

Juno 

80.7 

68.8 

79.25 

6.96 

4.83 

July 

90.6 

70.8 

80.7 

9.07 

4.81 

August 

90.7 

70.8 

80.75 

6.26 

4.76 

Heptember 

89.0 

69.1 

79.05 

5.36 

4.92 

October 

82.9 

61.2 

72.05 

2.56 

5.06 

November 

74.6 

! 51.4 

63.0 

1.94 

5.44 

December 

69.5 

47.6 

58.55 

2.59 

5.49 
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eliminated, that a curvilinear function may appear at some point between 
70 and 90° F. 

SEASON AND STAGE OF LACTATION, AS RELATED TO BREED AND LOCALITY 

A search of the literature yielded six sets of butterfat tests from the 
Missouri (2, 34), Iowa (2) and Tennessee (18) stations and Sweden (11) 
in such form that the same method of analysis could be applied for varia- 
tions due to season and stage of lactation. These data were for the Ayr- 
shire, Guernsey, Holstein and Jersey breeds and for one large group of 
mixed breeds A comparison is shown in table 4. of the results obtained 
by applying this method of analysis of variance to the data from these 
sources. 

It may be noted that, in general, the low r average butterfat test occurred 
during the second month after calving, with Holsteins, Guernseys and 
Jerseys, and in the third month vrith Ayrshires. 

The low butterfat tests in the northern hemisphere occurred during the 
summer — June, July, or August. High tests were during the winter months 
of November, December, or January. The general trends of butterfat tests 
through the seasons and with advancing lactation under the Florida 
environment, are shown in figure 1. 

Thus the general trends in fat percentage in the milk of Jersey eows m 
Florida are similar to those noted with the other breeds in more northerly 
latitudes The magnitude of the variations in other latitudes differed with 
the several breeds, being greater as a rule with the breeds having a typically 
higher percentage of butterfat in the rnilk. Tn each instance where the 
records of a single breed w r ere involved the range in variation of fat per- 
centage, due to advance in stage of lactation, was significantly greater than 
that due to season of the year, as seen in the corresponding “P” values in 
table 4 Stating these results in other words, environment exerted less 
influence upon the fat percentage in cow’s milk than did the internal or 
physiological factors due to advance in stage of lactation. 

The only exception to the above generalization, seen in the groups of 
data analysed in table 4, is that of 240 records representing mixed breeds 
at the Missouri and Tow r a stations. It is believed that the few numbers 
representing certain breeds, and the uneven distribution of the breeds 
within each cell, were sufficient to render the relative influences inconclusive 
because of the unequal weighting of breeds. Even in this instance, the fat 
percentages tended to follow the general trends of variation according to 
season and stage of lactation, as noted in the separate breed groups. 

DISCUSSION OF RESULTS 

The butterfat content of Jersey milk ranged, with advancing lactation, 
between 4.594 pef cent in the second month after calving, and 5.555 per cent 



TABLE 4 

of stage of lactation and of season of the year f as these influence butterfat percentage tn the milk of dairy cows in several 
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in the twelfth month after calving. The range for seasonal influence was 
between 4.760 per cent in August, and 5.464 per cent in December. By 
statistical analyses, these influences were measured separately in another 
way, by which the “F” values for variance were found to be 25.76 for 
between -months-af ter-cal ving, in contrast to 15.24 for between-calendar- 
months. (“ Variance’ ’ is a term used by Fisher to denote the square of 
the standard deviation.) The arithmetical and analytical measures both 
indicate that the magnitude of physiological or internal influences affecting 
fat percentage in Jersey milk are appreciably greater than those exerted 
by the average external influences of environment existing in Florida. 
This observation is in accord with our analyses of the data obtained from 
separate breeds studied in more northerly latitudes. 

SUMMARY AND CONCLUSIONS 

The seasonal trend in fat percentage in the milk of Jersey cows in the 
more uniform environment of Florida was found to vary almost inversely 
with temperature. The lowest average butterfat tests occurred as a rule in 
August and the highest in December. 

The average test of Jersey milk in the first month after calving -was 
4.605 per cent, dropped to 4.594 in the second month, and then increased 
steadily to the twelfth month. 

Advancing lactation exerted a greater influence than did season of the 
year upon the percentage of fat in the^milk of Jersey cows. 

An average increase of 10° F. between monthly mean temperatures of 
57° and 81° resulted in an average decrease of 0.31 per cent butterfat in 
Jersey milk, in a study of records obtained over a 16-year period. 
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BEHAVIOR, OF CASEINATE SOLS IN A STUDY OF A HYS- 
TERESIS-LIKE PHENOMENON IN THE RENNET 
COAGULATION OF HEATED MILK* 

MILTON E. POWELL and L. R. PALMER 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul 

It is commonly known that heated milk does not react normally with 
rennet. That heat treatment is not always detrimental was first observed 
by Stassano and Talarico (1), who noticed that milk heated to 65° (\ 
coagulates more rapidly than raw milk. Similar observations were made 
by Rupp (2), and Mattiek and Ilallett (3), the latter investigators also 
observing an apparent hysteresis-like phenomenon. 1 They found that 
when milk is heated for 30 minutes at 105° F. to 141° F. and rapidly cooled 
to 84° F. the first effect is increased coagulability, but the milk gradually 
loses coagulability as the interval between heating and addition of rennet 
lengthens. When the milk is heated above 145° F. the loss of coagulability 
is immediate and continues to increase as rennet addition is delayed, reach- 
ing a maximum after 5 hours. Moil* (4) made a similar observation with 
flash pasteurized milk. 

As llammarstcn (3) early demonstrated that only the calcium caseinate 
and calcium phosphate systems in milk are involved in the clotting by 
rennet, it appeared feasible to employ these two components as an artificial 
“milk” in the study of the hyteresis-like phenomenon of heated milks. 
It was hoped that some evidence could be secured as to the analogous frac- 
tion in natural milk responsible for the different behavior of heated milks 
toward rennet. 

COAGULABILITY OF HEAT-TREATED CALCIUM CASEIN ATE-COLLOIDAL 
CALCIUM PHOSPHATE “MILKS” 

All of the “milks” were prepared to contain 2.5 per cent casein in order 
to approximate the quantity of casein in natural milk. The casein was 
prepared by the method of Van Slyke and Baker (6) as refined by Van 
Slyke (7). The concentration of calcium associated with the casein can 
be varied through a wide range as Poreher (8) has shown. By assuming 
that casein is combined with 1.15 per cent Ca at the pH of milk [Palmer 
and Richardson (9)] and that casein contains 0.85 per cent P [Hannnarsten 

Received for publication March 4, 1935. 

* Condensed from the thesis of Milton E. Powell submitted in partial fulfillment of 
the requirements for the degree of Ph.D., University of Minnesota. All pertinent data 
are available in the Division of Agricultural Biochemistry, University of Minnesota. 
Paper No. 1338, Journal Series, Minnesota Agricultural Experiment Station. 

i Hysteresis is a term applied to colloidal systems that react according to the past 
treatment which they have received. 
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(10), Lehmann (11), Van Slyke (12)] the data on Van Slyke and Bosworth 
(13) may be recalculated to show that on the average 30 per cent of the 
total P and 43 per cent of the total Ca in natural milk occurs as colloidal 
mineral compounds. However, in the preparation of the artificial “milks” 
only about 77 per cent of these quantities were used, otherwise the system 
would coagulate spontaneously when warmed to 40° C. 

The calcium caseinate-colloidal calcium phosphate complexes were pre- 
pared by triturating the casein in a small quantity of clear limewater; 
subsequent small additions of limewater were made until a thin paste was 
formed, whereupon a sufficient amount was then added to prepare an 
alkaline caseinate of pH about 10.5. After allowing this solution to stand 
for about an hour to insure complete peptization of the casein the pH was 
reduced to that of natural milk by the slow addition of 0.6 per cent II 3 P0 4 
solution from a capillary-tipped pipette extending beneath the surface 
while the liquid was rapidly agitated by a motor driven stirrer. After 
dilution to the required volume with distilled water the “milk was aged 
for 14 hours at 5° (\ The following data illustrate a typical “milk”: 
25 gm. casein, 860 cc. clear limewater, 85 cc. H*P0 4 solution, 65 cc. H,0; 
pH 6.65. Eight different lots of “milk” w T ere prepared by this method. 

Later another method of preparation was adopted in which the pH did 
not exceed the limits of normal milk at any time. These systems produced 
coagulation curves similar to those prepared as above. A 5 per cent calcium 
caseinate sol was first prepared by triturating the casein in the usual way 
and adding sufficient limewater to produce a pH comparable to natural 
milk. After diluting the sol to about a 5 per cent casein content it was 
aged 14 hours at 5° O. Next a predetermined amount of limewater and 
0.6 per cent H 3 P0 4 solution w^ere slowly added simultaneously to the 
mechanically stirred caseinate sol from capillary-tipped pipettes. The acid 
solution was first diluted with sufficient distilled water to increase the com- 
plete complex to the desired volume. An example is 25 gm. casein, 345 cc. 
clear limewater, 150 cc. w r ater; pH 6.72. To this aged sol were then added 
as described 300 cc. clear limewater, 65 cc. of 0.6 per cent H 3 P0 4 solution 
diluted with 140 cc. distilled water; pH 6.70. The “milk” was aged 14 
hours at 5° O. before using. 

Since only heat-treated portions not coagulated by the heat treatment 
itself were desired a sample of each “milk” was heated at 85° 0. or higher 
for 10 minutes, cooled and observed in an ultramicroscope. Any clustering 
observed in the collodial suspension could usually be prevented by a short 
dialysis of the unheated “milk,” The heating of the artificial “milks” 
was carried out as follows: Two portions of each “milk” were placed in 
loosely stoppered flasks; one flask was rapidly heated in a water bath to 
60 6 C., the other to 85° C. and maintained at the respective temperatures 
for 30 minutes. Both portions were then promptly cooled to 85° C. and 
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samples removed for immediate coagulation; the remainder was cooled to 
approximately 20° C. Samples of the latter were tested for rennet coagula- 
bility at 40, 70 and 130 minute intervals after the end of the heating period. 
All coagulation tests were made at 40° C. 

As a result of the heat-treatment at 60° C. and 85° C. the pH of the 
“milks” decreased slightly, the greatest lowering always occurring in the 



Fig. 1. Electrically heated and controlled water bath in which all samples were 
coagulated. 

portion heated at 85° C. However, in no ease was the decrease greater 
than pH 0.05 and usually only pH 0.03 as the typical example in Table 1, 
Exp. A indicates. In occasional experiments pH measurements were made 
on the control and the heated portions at the beginning and again at the 
completion of the experiment. Data are given on this point in the following 
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typical example, the first values given being the initial pH and the second 
the pH two and one-half hours later, at the completion of the experiment: 
unheated calcium caseinate-phosphate “milk” pH 6.70 and 6.70; after 
heating to 60° C. pH 6.66 and 6.662; after heating to 85° C. pH 6.65 
and 6.65. 

Fig. 1 shows the electrically heated water bath in which all samples 
were coagulated. In this figure are visible the thermo-regulator, heating 
element, stirrer and the series of copper tubes containing the 100 cc. glass 
coagulation tubes. The latter are fitted with glass-tipped rubber tubing 
that will extend through an opening in the bottom of the bath ; also a rubber 
stopper that will close the opening in the bottom of the bath thus per- 
mitting a w r ater contact between the glass and copper tubes. Each tube 
is closed with a screw clamp close to the bottom of the bath. 

Fifty cc. samples of “milk” w r ere pipetted into the coagulation tubes 
5 minutes before the rennet was added; a predetermined amount of CaCL 
solution was put in next and the mixture stirred occasionally. As soon 
as the “milk” had reached the temperature of the bath rennet was added, 
a stop-watch started and the mixture stirred for 30 seconds. The quantities 
of CaCL solution and rennet 2 were adjusted to cause coagulation of the 
unlieated controls in 3 to 5 minutes; these same quantities w r ere added to 
the heated portions The screw clamp was opened slightly at the end of 
3 minutes and a fine stream of “milk” allowed to run into a glass beaker. 
As soon as flakes of curd were visible t on the side of the beaker the w r atch 
was stopped and the coagulation time recorded. All experiments were car- 
ried out in duplicate. 

With some of the unheated “milks” the concentrations of CaCl* solution 
and rennet employed produced merely a coagulation within the desired 
time whereas with others the “milk” clotted although no attempt was made 
to insure clots. The diluted rennet solution was held in very cold water 
so as to reduce inactivation to a minimum. A typical coagulation curve 
of a heat-treated calcium caseinate-phosphate complex is shown in Fig. 2A. 
The curve indicates that this system exhibits a hysteresis-like phenomenon 
when heated to 60° C. and 85° C. The pH of the original “milk” w r as 
6.82; after heating to 60° C. pH 6.80 and after heating to 85° C. pH 6.785. 

Effect of Heat-treatment on Casein . — According to Maroi (34), the 
effects of heating caseinate solutions are not deep-seated, for he prepared 
an artificial “milk” which coagulated normally with rennet by using casein 
isolated from a caseinate solution which had been boiled. We performed 
a similar experiment. A calcium caseinate-phosphate 4 ‘milk” was first 
prepared using 100 gm. casein, 3600 cc. clear limewater, 300 cc. 0.6 per cent. 
H,P0 4 solution; final volume 4000 cc., pH 6.61. This “milk” required 

2 Hansen's Liquid Cheese Rennet was UBed as a stock solution, 
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F 10 . 2. A. Typical coagulation curves of a calcium caseinate-colloidal calcium phos- 
phate “milk’’ coagulated at intervals after heating at 60° 0. and 85° 0. for 30 mm. 
B. Typical coagulation curves of mixture of calcium casemate and colloidal calcium phos- 
phate sols coagulated at- intervals after heating at 60° C. and 85° C. for 30 min. 

dialysis before it would withstand boiling without, showing clustering in 
the ult.rnmicroscope ; the pH after dialysis was 6.80. The product was next 
held in a boiling water bath for 30 minutes, cooled and aged 14 hours at 
5° C. The casein was then isolated by the method of Van Slyke and Baker 
(6) and Van Slyke (7). Using this casein a new calcium caseinate-phos- 
phate “milk” w r as prepared with 26.5 gm. casein, 950 ce. limewater and 
76 cc. 0.6 per cent H a P0 4 solution; final volume 1060 cc., pH 6.72. A 
boiled sample was free from ultramicroscopic clustered particles. The 
coagulation times of the control and portions heated to 60° C. and 85° C. 
are given in Table 1, Exp. A, and show 7 the same general trend as the 
“milks” shown in Fig. 2. 

COAGULABILITY OF MIXTURES OF CALCIUM CASEINATE 
AND COLLOIDAL CALCIUM PHOSPHATE SOLS 

A representative calcium caseinate sol was prepared by triturating 25 
gm. casein in 422 cc. clear limewater. A dense milky sol resulted which 
was diluted to 500 cc. with distilled water; final pH 6.75. A colloidal cal- 
cium phosphate sol was prepared by dissolving 5 gm. of high grade gelatin in 
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TABLE 1 

Effects of heating various artificial “milks’' on their coagulation with rennet 



1 Approximately 10 minutes were required to cool the heated “milks” and adjust the first 
samples to the temperature of the water bath, 

2 pH of a mixture containing equal portions of unheated caseinate and heated phosphate sols. 


430 cc. clear liraewater, cooling the solution under tap water and partially 
neutralizing 56.5 cc. 0.6 per cent H 8 P0 4 solution with some of the gelatin* 
limewater solution until a slight precipitate began to form. This limewater- 
acid mixture was slowly added to the remainder of the mechanically stirred 
gelatin-limewater solution from a capillary-tipped pipette held beneath the 
surface. A stable colloidal suspension resulted which was diluted to 500 cc. 
with distilled water; pH 6.60. 
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Heat-treating the Mixture,. — A mixture of equal portions of the calcium 
caseinate and calcium phosphate sols appeared like a calcium caseinate- 
calcium phosphate complex; the pH was 6.73. The coagulation curves of 
this mixture before and after heating at 60° C. and 85° C. are shown in 
Fig 2B and are similar to those of the complex. The pH of the portion 
after heating to 60° C. was 6.68; after heating to 85° (\ pH 6.658. 

Heat-treating the Calcium Caseinate Fraction. — In order to determine 
whether the hysteresis effects of heating involve the protein fraction or 
the inorganic phosphates or whether the presence of both is required a 
series of calcium caseinate sols were prepared as previously described and 
also a parallel series of colloidal calcium phosphate sols. The phosphate 
sols were made by adding calcium suerate and H 3 P0 4 solutions simul- 
taneously to a dilute gelatin solution. A typical sol consisted of 420 cc. 
1.2 per cent gelatin solution, 10 cc. of a calcium suerate solution containing 
8.0 per cent Ca ( Oil ) . and 70 cc. 0.6 per cent II,PO t solution. Both the 
suerate and acid solutions were diluted to 150 cc. with some of the gelatin 
solution and were then slowly added to the remainder of the mechanically 
stirred gelatin from capillary-tipped pipettes held beneath the surface of 
the liquid. The stable translucent sol had a pH 6.72. 

In order to coagulate 50 cc. of a mixture of equal portions of caseinate 
and phosphate sols 1.0 cc. of 0.35N CaCU solution w r as required in addition 
to the rennet. In one series of experiments one-lialf of the necessary OaCl 2 
was added to the calcium caseinate sol before heating, but in the other 
series the OaCl 2 w*as added to the mixed sols immediately before the coagula- 
tion test. Table 1, Exp. B shows the effects on coagulability with rennet 
■when the calcium caseinate fraction w’as heated to 60° 0. and 85° C. for 
30 minutes before cooling and adding the colloidal calcium phosphate sol. 
The results show’ no significant effect on the coagulation time of the mixed 
sols. 

Heat-treating the Calcium Phosphate Fraction. — Calcium caseinate and 
colloidal calcium phosphate sols were prepared in a manner similar to those 
just described. In this study the phosphate sols were previously heated 
and cooled before mixing with the calcium caseinate fraction for coagula- 
tion. Nine separate experiments were conducted in which four different 
lots of casein and calcium suerate solutions were used. A typical experi- 
ment follows: A 5 per cent calcium caseinate sol made with 30 gm. casein 
and 415 cc. clear limewater had a pH of 6.80 after diluting to 600 cc. 
The phosphate sol was made with 485 cc. 1.24 per cent gelatin, 39.75 ce. cal- 
cium suerate containing 5.3 per cent Ca(OH) 2 and 94 cc. 0.6 per cent H 3 P0 4 
solutions. Both the acid and base solutions were diluted to 150 cc. wdth 
some of the gelatin solution and then were added simultaneously to the 
remainder of the gelatin ; pH 6.60. 
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All cases in which the colloidal calcium phosphate sols were heated a 
peptization 8 of colloidal malerial resulted, being especially marked at 85° C. 
The hydrogen-ion concentration was always increased by heat-treating these 
sols, the extent of the increase being directly proportional to the tempera- 
ture. For example, in the sol just described after heating at 40° C. the pH 
was 6.37 ; at 60° C., 5.94 and at 85° C. 5.71. Similar but much less extensive 
effects were obtained after mixing the raw caseinate sol and the heated 
phosphate sols as shown in Table 1, Exp. C, (pH data in parentheses). 
This experiment shows the effects on coagulation when portions of the phos- 
phate sol were heated at 60° C. and 85° (\ for 30 minutes before cooling 
and adding the caseinate for rennet coagulation. The hysteresis-like effects 
of delayed rennet addition arc absent. Although this experiment is repre- 
sentative of most of those performed, in two trials in which different lots 
of casein and calcium sucrate were used to prepare the respective sols a 
decreased coagulability was observed which was so marked that it was 
apparent even when the phosphate fraction was heated at 40° V. and no 
coagulation curves were obtainable. The explanation has not yet Wen 
found for these two results. 

COAGULABILITY OF HEAT-TREATED CALCIUM CASEINATE SOLs 

Several investigators, including one of us, (15) have postulated that 
the effects of heating milk on its coagulation with rennet are to be explained 
on a basis of a disturbance in the colloidal calcium caseinate system. In 
order to determine whether artificial systems of calcium caseinate would 
exhibit the hysteresis-like behavior portions of several calcium caseinate 
sols were heated to 60° C. and 85° C. for 30 minutes, cooled and coagulated 
at 40° C. In some sols a portion of the CaCL required for coagulation was 
added before heating while in others it w r as added afterwards ; this modi- 
fication did not affect the coagulation times. 

The caseinate systems produced a peculiar type of clot with rennet, 
the curd having a gummy or rubbery consistency which synerized rapidly. 
Also, considerably greater concentrations of OaCl 2 were necessary than 
for the caseinate-phosphate complexes. One sol clotted with one cc. 0.35N 
CaCl 2 solution but others required one cc. 0.48N CaCl 2 . Table 3, Exp. D 
shows the typical behavior of the heated sols of calicuin caseinate. Previous 
heating of these sols was practically without effect on their coagulability, 
there being no evidence of the hysteresis shown by the caseinate-phosphate 
complexes. 

3 Although the decreased eolloidality was found to be cloaely associated with the 
increase in acidity, the previous eolloidality could not be restored by addition of alkali 
to the previous pH. Example: Original pH of phosphate 6.81; after heating 86° C. 
8.78; after addition of alkali 6.76. The presence of soluble electrolytes was found to be 
without influence inasmuch as dialysis failed to prevent both the decrease in eolloidality 
and the drop in pH on heating. 
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COAGULABILITY OF CALCIUM CASEINATE COMPLEXES MADE WITH 
ARSENIC AND OXALIC ACIDS 

Although Hammarsten (16) first stated that other acids should replace 
phosphoric in the preparation of artificial “milks” this hypothesis was 
developed by Poreher (8) and Marui (14). The former postulated that 
arsenic acid could be used on account of its periodic relationship to phos- 
phoric. Accordingly, a few calcium caseinate-calcium arsenate “milks ” 
were prepared and studies made of the coagulation of heated portions. 
These “milks’’ were prepared in general by triturating casein in lime- 
water to pll about 10.30 and increasing the hydrogen-ion concentration by 
the slow’ addition of M 10 IT As0 4 solution. A representative “milk” 
contained 30 gm. casein, 1020 cc. clear limewater and 110 cc. M/10 II As() 4 
solution; after dilution to 3200 cc. the final pll was 6.68. A preliminary 
dialysis w’as necessary to prevent coagulation at 83° 0. ; the pH after 
dialysis had increased to 6.73. Although the “milk” was now r stable at 
83° (J. it coagulated in boiling water. 

These “milks” had the same appearance as the caseinate-phosphate com- 
plexes but required more CaOE solution as 30 cc. of “milk” required one 
ec. N/2 CaOL, solution for rennet coagulation at 40° C., thus resembling the 
calcium caseinate sols. Portions of the “milk” w r ere heated to 60° C. and 
83° <\ for 30 minutes, cooled to 20° (\ and the (’aCK solution added. 
Table 1, Exp. E shows the coagulation data of the above typical arsenate 
“milk”; no significant hysteresis was observed on holding subsequent to 
the heat treatments. 

Two unsuccessful attempts were made to prepare a colloidal calcium 
arsenate sol in gelatin by using calcium sucratc and M/10 II As0 4 solution. 
A heavy precipitate is first formed but as the addition of acid increases and 
the pH of the mixture approaches that of natural milk the precipitate dis- 
appears and at the pH 6.67 the solutions are nearly transparent. Evidently 
a colloidal calcium arsenate does not exist at the pH of natural milk. This 
undoubtedly explains why the CaOE requirements of the calcium caseinate- 
arsenate “milks” were similar to those of the pure calcium caseinate sols. 

Marui found that when sufficient OaOE w'as added to a solution of casein 
in sodium acetate-oxalate it became milky and wxmld coagulate with rennol. 
We extended this observation to determine whether or not a complex of 
calcium caseinate and collodial calcium oxalate would exhibit a hysteresis 
when heated and subsequently coagulated with rennet at 40° C. These 
“milks” were prepared in the general manner already described. A typical 
example is as follows: 30 gm. casein, 1020 cc. limewater and 93 ee. M/ 10 
oxalic acid slowly added with the aid of mechanical stirring; pH after dilu- 
tion to 1200 cc. was 6.84. 

These systems, like the arsenate “milks” and the caseinate sols, required 
more CaCl 2 than the caseinate-phosphate complexes; in all cases it was 



410 


MILTON E. POWELL AND L. S. PALMER 


added after heating. In order to coagulate the above “milk” in the desired 
time one ee. 0.35N CaCL solution was required for each 50 cc. Table 1, 
Exp. F shows the coagulation times of the calcium caseinate-collodial cal- 
cium oxalate “milk” described above after heating to 60° C. and 85° C. 
for 30 minutes. No hysteresis is apparent, the heating being without effect 
on the rate of coagulation. 

OATAPHORES1S OF HEATED SOLS OF CALCIUM CASEINATE AND 
CALCIUM CASEINATE-CALCIUM PHOSPHATE 4 ‘ MILK” 4 

Richardson and Palmer (17) have shown that slightly acid calcium 
caseinate sols exhibit an increased rate of migration in an electric field after 
heating in boiling water. It was hoped that the hysteresis-like phenomenon 
might also be followed by cataphoretic measurements and preliminary ob- 
servations were made by the Northrup-Kunitz method of electrophoresis. 
The details of this method are discussed by Moyer (18) and will not be 
included here. With this method the individual particles are observed in 
a dark field and the average of 10 observations at both “stationary levels” 
are used for the calculation of the velocity of migration. The velocities are 
expressed in p/sec. 'volt/cm. 

The great dilution of the sol necessary for observation fosters a peptiza- 
tion of the particles, especially if a sodium buffer is used. Therefore, a 
calcium buffer was prepared by adding clear limewater to dilute H,P0 4 
solution until a stable pH of 6.67 was reached. The clear liquid was care- 
fully siphoned off and supercentrifuged at 40,000 R.P.M. Only a very few 
particles were visible in the ultramicroscope. 

A 5 per cent calcium caseinate sol was prepared by triturating 2.5 gm. 
casein in 45 cc. limewater and diluting to 50 cc. A calcium caseinate-plios- 
phate complex was prepared with 2.5 gm. casein, 93 cc. limewater and 9 cc. 
0.6 per cent II ^PO* solution ; the resulting pH was 6.61. Both sols were 
aged 14 hours at 5° C. and then lightly centrifuged before using. The 
calcium caseinate sol was heated to 85° C. for 30 minutes while portions 
of the caseinate-phosphate complex were heated to 60° €. and 85° C. for 
30 minutes and then cooled immediately to 20° C. The velocity of the 
particles was measured at 10, 40, and 70 minutes after heating. Table 
2 shows that the effects of heating on the velocity of migration in an electric 
field are more pronounced on the calcium caseinate-phosphate complex than 
on the calcium caseinate sol. 

DISCUSSION 

From the experimental findings it is apparent that those components in 
milk which are involved in the clotting phenomenon in the presence of 

4 Direction and assistance in this phase of the work was rendered by Dr, L. S. Moyer, 
National Research Council Fellow in the Division of Agricultural Biochemistry, University 
of Minnesota. 
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TAItLE 2 

Effects of lu j ating a calcium casemate sot and a calcium caseinate phosphate * ‘ milk* * 
on their migration in an electric field 


TYPE OK 
SYSTEM 

HEATINO 

TEMl'ERA 

MU.OTTJY OK UlOKVriON IN Jl/SKr /NOl/J/CM. 

\1 \ VRIOI N PFRIODS AF’IFU 11EA1 IMJ 

TT'RE 

0 

10* 

to 

70 inin. 







Calcium 

Unheatcd 

1.42 




Caseinate 

85 


1.54 

1.46 


or 






Calcium 

Cnheated 

1.30 




Caseinate 

00 


3.72 

1.70 

1.63 

Phosphate 

85 


1.72 

1.72 

1.74 

1 Approximately 10 minutes 

were lequirod 

lo cool and prepare the first samples for 


observation. 

rennet are likewise responsible for the hysteresis-like effect exhibited by 
heated milks when coagulated at definite time intervals after heating. 
Using coagulation as a criterion, since no special effort was made to secure 
clots, it was found that heated artificial systems of calcium caseinate- 
colloidal calcium phosphate show a progressive loss of coagulability with 
ago. 

it is the opinion of (Jyorgy (If)), Kometiani (20) and Pyne (21) that 
tli)» calcium caseinate and colloidal calcium phosphate systems in natural 
milk exist in a chemical union, if this opinion is correct a like association 
must exist to a certain extent in the artificial complex. Nevertheless, our 
results have shown that such a union is not essential either for coagulation 
by rennet or for the accompanying hysteresis, inasmuch as equal portions 
of the separate sols of calcium caseinate and colloidal calcium phosphate 
when mixed before heating produced a coagulation and hysteresis similar to 
that of the complex. The artificial systems even exhibited some evidence 
of the accelerating effect of low temperature heating on rennet coagulability 
which has been observed for natural milk. 

The effects of heat upon the calcium caseinate fraction appear much less 
significant than previously suggested. Although ultramieroseopic observa- 
tions revealed some slight physical change toward a coarser colloidal disper- 
sion this effect was not registered by coagulability or hysteresis. Even 
boiling an artificial caseinate-phosphate “milk” failed to impare the coagu- 
lability of new “milks” prepared with casein isolated from the heated 
complex. Likewise when the colloidal calcium phosphate fraction was 
heated before mixing with the caseinate the effects of delayed addition of 
rennet were nil although minor differences in heating temperature were 
evident. The presence of both the caseinate and phosphate during the 
heating process is essential for the hysteresis-like phenomenon. 
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The decrease in pH of the heated phosphate sols is greatly masked by 
the presence of caseinate when the two sols are mixed in equal portions. 
This is true even to a greater degree when both fractions are present 
throughout the heat-treatment. Such extreme changes in hydrogen-ion 
concentration might mitigate other effects of heat such as a loss of much 
colloidal phosphate material. The peptization of colloidal calcium phos- 
phate observed is contrary to the existing beliefs of the effects of heat on 
the calcium salts in natural milk. 

It is not to be inferred that the mere presence of a second colloid is the 
criterion for the hysteresis behavior in the heated systems. We produced 
coagulation in a calcium caseinate-colloidal calcium oxalate “milk” as did 
Marui (14), but these complexes showed no hysteresis-like behavior after 
heating. It appears that colloidal calcium phosphates are essential for this 
phenomenon. 

The preliminary eataphoretie studies of the heated calcium caseinate- 
phosphate complex and the heated caseinate sol indicate that the hysteresis 
phenomenon cannot be followed by changes in the velocity of migration of 
the colloidal particles The effects observed seem to be somewhat contrary 
to those obtained by Richardson and Palmer (17) when using a modified 
Burton eataphoretie tube with raw and heated calcium caseinate sols. How- 
ever, the experimental conditions of the present investigation are not 
strictly comparable to those of the former so that final judgement should 
be reserved. Nevertheless, it is indicated here that the effects of heat treat- 
ment on the eataphoretie velocity of rennet coagulable sols are not so closely 
related to their coagulability as the experiments of Richardson and Palmer 
suggested. 

Our experiments cannot bo interpreted as disproving the belief of Moir 
(4) regarding the role of a coagulation of lactalbumin in natural milk m 
connection with the phenomenon investigated. However, they suggest that 
Mbir’s findings are not of major importance in explaining it for natural 
milk 

conclusions 

1. Heated calcium caesinate-eolloidal calcium phosphate “milks” as w r ell 
as mixtures of equal parts of the two separate sols exhibit a hysteresis-like 
behavior when coagulated with rennet at definite intervals after heating, 

2. Heat-treatment of calcium caseinate sols is practically without effect 
on their rate of coagulation either alone or when mixed with colloidal 
calcium phosphate. 

8. Heat-treatment of the colloidal calcium phosphate portion before add* 
ing the caseinate is practically without effect on the rate of coagulation of 
the mixture. 
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4. The hysteresis effects of heat on the complex result from the presence 
of both the caseinate and phosphate during heat-treatment. 

5. A complex containing colloidal calcium oxalate exhibits no hysteresis 
as a result of* heating. 

6. A colloidal calcium arsenate does not exist at the pH of natural milk. 

7. Oataplioretic studies do not appear applicable as a means of following 
the hysteresis; additional work should be done, however, before discarding 
it. The fact that heating caused a greater increase in velocity of migration 
of a caseinate-phosphate complex than a calcium caseinate sol shows that the 
effects of heat are greatest in the presence of the colloidal phosphates. 
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AMERICAN DAIRY SCIENCE ASSOCIATION 
The Thirtieth Annual Meeting 
St. Paul, Minnesota, June 24 to 27, 1935 

GENERAL PROGRAM 
Monday , June 24 

9 A. m.-5 p. M. — General registration and room registration. 

Haecker Hall, University Farm. 

1 : 30 p. m.-4 : 30 p. m. — Extension Section, Haecker Hall, Room 210. 

2 p. m. — Dairy products judging and special butter judging 

demonstration by federal butter graders. 

Haecker Hall, Creamery Room 

3 p. m. — E xecutive Committee Meeting, Haecker Hall, Room 

214. 

5 p. m.-9 p. m. — General registration and room registration. 

Women’s Dormitory, University Farm. 

7: 30 p. m. — Opening Session and Business Meeting. 

Auditorium, Administration Building, University 
Farm. 

President C. L. Roadhouse, presiding. 

Address of Welcome — President L. D. Coffman, 
University of Minnesota. 

Address of Welcome — Dean W. C. Coffey, Uni- 
versity of Minnesota. 

Business Meeting. 

8 : 30 p. M. — Informal social get-together for members and guests 
and their families, Home Economics Building, 
University Farm. 

Tuesday, June 25 

8 a. m.-4 p. m. — General registration and room registration. 

Haecker Hall, University Farm. 

9 a. m.-12 noon — Joint Meeting of Section O, American Association 
for the Advancement of Science, American Dairy 
Science Association, Corn Belt Section of the 
American Society of Agronomy, American Society 
of Horticultural Science, Great Plains Section, 
American Phytopathological Society, The Genetics 
Society of America, and The American Society of 
Plant Physiologists. Auditorium, Administration 
Building, University Farm. 

Symposium: Improving the Germ Plasm of 
Domestic Plants and Animals, H. K. Hayes, 
Chairman, Section O, Vice President, A. A. 
A. S., presiding. 
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Introductory Address : Dean W. 0. Coffey, Uni- 
versity of Minnesota. 

Some Accomplishments with Animals: Dr. J. L. 

Lush, Iowa State College. 

Analysis and Synthesis in the Development of 
New Varieties of Plants: Dr. 0. S. Aamodt, 
University of Wisconsin. 

12 noon— 1 p. m. — Lunch hour. 

1 p. m.-2 p. m. — Extension Exhibits, Haecker Hall, Room 101. 

Ip. m.-4p. m. — P roduction Section, Haecker Hall, Room 100. 

1 p. m.-4 p. m. — Manufacturing Section, Haecker Hall, Room 109. 

4 p. m.-4 :30 p. m. — Section Committee Meetings. 

4 p. m.— 4 : 30 p. m. — Members, guests and their families leave for trip to 
Land-O-Lakes Creameries, Inc., Minneapolis. 

6 p. M. — Complimentary dinner and entertainment as guests of 

Land-O-Lakes Creameries, Inc. Admission by ticket. 

Wednesday, June 26 

9 a. M.-12 noon — Production Section. Haecker Hall, Room 100. 

9 a. M.-12 noon — Manufacturing Section. Haecker Hall, Room 109. 

12 noon- 1 p. m. — Complimentary Dairy Lunch. Haecker Hall. 

1 p. m.- 2 p. m. — Production Section Business Meeting. Haecker Hall, 
Room 100. 

1 p. m.-2 p. m. — Manufacturing Section Business Meeting. Haecker Hall, 
Room 109. 

1 p. m.- 2 p. m. — Extension Section Business Meeting. Haecker Hall, 
Room 210. 

2p. m.~4:30p. m. — Section on Problems and Methods of Instruction. 
Haecker Hall, Room 100. 

2p, m.-4:30p. m. — Manufacturing Section. Haecker Hall, Room 109. 

2p. m.-4:30p. m. — Extension Section. Haecker Hall, Room 210. 

5 p. m. — Leave for Minneapolis Automobile Club. 

7 p. m. — Subscription banquet and entertainment at Minneapolis 

Automobile Club. (Tickets to be purchased on regis- 
tration.) 

Thursday , June 27 

9 a. m.-10a. m. — Closing general session and business meeting. Audi- 

torium, Administration Building, University Farm. 
President C. L. Roadhouse presiding. 

10 a. M.-l p. m. — P roduction Section. Haecker Hall, Room 100. 

10 a. m.-1p. m. — Manufacturing Section. Haecker Hall, Room 109. 

I p. m.-2 p. m. — Lunch hour. 

2 p. m. — Leave for arranged tours to cooperative and independent 
dairy plants in the Twin Cities and trips to farms of 
various breeders in the vicinity of the Twin Cities. In- 
formation regarding these tours and trips will be avail- 
able on registration. Members desiring any given tour 
or trip will register for same at time of general regis- 
tration. 
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SECTION PROGRAMS 

EXTENSION SECTION 

Monday afternoon, June 24, 1:30-4:30 o'clock 
Haecker Hall, Room 210 

Floyd Joiinston, Chairman 

Cow Testing (A. B. Nystrom, Chairman) Feeding (0. L. Blackman, Chair- 
man), Calf Club (D. M. Seath, Chairman). 

(Papers limited to 10 minutes) 

El — Revision of record forms. J. W. Linn, Kansas State College. 

E2 — Testers conferences — Official herd testing and testers organizations. 
W. T. Crandall, Cornell University. 

E3— Farm account week through I). H. T. A. and bi-monthly testing. A. 

J. Cramer, University of Wisconsin. 

E4 — Analysis of 1). H. I. A. data. 0. A. Williams, Purdue University. 
E5 — A yearly association program. A. B. Nystrom, Bureau of Dairy In- 
dustry, U. S. D. A. 

E6 — Developing a pasture program. L. A. Higgins, Mississippi A. and M. 
College. 

E7 —A feeding program based on D. II. I. A. reports. J. O. Tr els von, 
Montana State College. 

E8 — County feeding programs. H. R. Searles, University of Minnesota. 
E0 —The five session feeding schools. C. L. Blackman, University of Ohio. 
E10 — Record keeping and reporting — Dairy club work. R. G. Connelly. 
Virginia A. and M. College. 

Ell — Basis for premium awards in dairy calf club work. Ivan McKellip, 
University of Ohio. 

E12 — Making dairymen out of club members. D. M. Seath, Kansas State 
College. 


PRODUCTION SECTION 
Tuesday afternoon, June 25, 1:00-4:30 o'clock 
Haecker Hall, Room 100 
C. Y. Cannon, Chairman 

MILK SECRETION, HORMONES, GENETTCS, VITAMINS 
(Papers limited to 15 minutes) 

PI — The involution of the mammary gland. E. P. Reineke and C. W. 
Turner, University of Missouri. 

P2 — The ovary stimulating interaction of blood serum from cattle and 
gonadotrophic extracts. L. E. Casida, University of Wisconsin. 
P3 — a review of color inheritance in dairy cattle. Jleman L. Ibsen and 
H. W. Cave, Kansas State College. 
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P4 — The dietary requirements of goats for vitamin E (A progress report). 
John L. Wilson, B. H. Thomas and C. Y. Cannon, Iowa State Col- 
lege. 

P5 — A preliminary study of the vitamin D requirement of calves when fed 
natural milk as the source of this vitamin. C. F- Huffman and 

C. W. Duncan, Michigan State College. 

P6 — The pathology of rickets in dairy calves. H. Ernest Bechtel, E. T. 

Hollman and C. F. Huffman, Michigan State College. 

P7 — The color and carotene content of various home-grown roughage 
rations and the influence of these rations on the color, carotene and 
vitamin A potency of the butterfat. R. E. Hodgson, J. C. Knott, 
H. K. Murer and R. R. Graves, Bureau of Dairy Industry. IJ. S. 

D. A., and Washington State College. 

P8 — The vitamin A activity of butter produced by cows fed alfalfa hay and 
soybean hay cut in different stages of maturity. J. H. Hilton, J. 
W. Wilbur and S. M. Hauge, Purdue University. 

P9 — “Caratone” in rations for dairy calves. A. H. Kuhlman, W, D Gal- 
lup and Earl Weaver, Oklahoma A. and M. College. 

P10 — Blindness in cattle of nutritional origin associated w'ith constriction of 
the optic nerve. L. A. Moore, C. F. Huffman, and C. W Duncan, 
Michigan State College. 

4 • 00 p. m. Committee meetings. 


MANUFACTURING SECTION 
Tuesday afternoon, June 25, 1 00-4 : 30 o’clock 
Haecker Hall, Room 109 

M. J. Mack, Chairman 
CHEMISTBY 

(Papers limited to 10 minutes) 

Ml — Studies on the ash and nitrogen distribution of processed cheese as 
affected by the salts used and a comparison of the methods used for 
the determination of the pH of the cheese. Hugh L. Templeton, 
University of Wisconsin. 

M2 — Effects of some ions on the properties of ice cream mixes. J. I. Keith, 
C. W. Rink and Earl Weaver, Oklahoma A. and M. College. 

M3 — The hydrogen ion concentration and titratable acidity of butter, 
cream and buttermilk. O. F. Hunziker and W. A. Cordes, Blue 
Valley Creamery Co., Chicago. 

M4 — Range of hydrogen ion concentration in sour cream butter. E. H. 
Parfitt, Purdue University. 

M5 — The thiocyanogen value as a means of measuring unsaturated fatty 
acids in butterfat. 0. J. Hill and L. S. Palmer, University of 
Minnesota. 

M6 — The effect of homogenization on some of the fat constants of milk. I. 
A. Gould and G. M. Trout, Michigan State College. 
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M7 — Variations in physical properties of milk. G. P. Sanders, K. I. Mathe- 
son and I. A. Burkey, Bureau of Dairy Industry, U. S. D. A. 

M8 — Soft curd character induced in milk by intense sonic vibration. Les- 
lie A. Chambers, University of Pennsylvania. 

M9 — Variations in the curd tension of the milk throughout the complete 
lactation period. M. H. Berry, University of Maryland. 

M10 — Effect of mastitis upon milk quality and composition. P. A. Downs, 
University of Nebraska. 

Mil — The relation of mastitis to the rennet coagulability and curd strength 
of milk. II. II. Sommers and Helene Matson, University of Wis- 
consin. 

M12 — Structural changes occurring in casein as shown by X-ray diffraction 
studies. S L. Tuckey, H. A. Ruehe and G. L. Clark, University of 
Illinois. 

4: 00 p. m — Committee Meetings. 


EXTENSION SECTION 


Tuesday afternoon, June 25, 1:00-2:00 o'clock 
Ilaecker Hall, Room 101 
Floyd Johnston, Chairman 
EXHIBITS 

Extension exhibition 


Earl N. Schultz, Chairman, Iowa State College, 

Ramer Leighton, University of Minnesota, 

J. E. Crosby, Jr., University of Missouri. 

The dairy extension exhibits from the states will be on display through- 
out the entire meeting. They will be discussed by the above committee 
during this hour. Those especially interested may extend this time. 


MANUFACTURING SECTION 

Wednesday morning, June 26, 9 : 00-12 : 00 o'clock 

Haecker Hall, Room 109 

M. J. Mack, Chairman 

CHEMISTRY AND TECHNOLOGY 
(Papers limited to 10 minutes) 

M13 — Effects of time and temperature of holding milk heat-treated at vari- 
ous temperatures on its subsequent coagulation by rennet. Milton 
E. Powell, University of Minnesota. 

M14 — Determinations of copper in sugar condensed milk and some relations 
between the copper content and off flavor in strawberry ice cream. 
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Harold L. Link, Harry J. Konen and L. A. Baumann, Xavier Uni- 
versity and Freneh-Bauer, Inc., Cincinnati. 

M15 — The application of the Minnesota Babcock method to the testing of ice 
cream, concentrated milk and chocolate milk. L. M. Thurston and 
W. Carson Brown, West Virginia University. 

Ml 6 — The standardization of the Borden Body Flow-Meter for determining 
the apparent viscosity of cream. «J. C. Hening, New York Agricul- 
tural Experiment Station, Geneva. 

M17 — Judging sweet cream. J. II. Nair, D. E. Mook and R. S. Fleming, 
Borden’s Research Laboratory, Syracuse. 

Ml 8 — Some factors affecting the properties of whipped cream. W. S. Muel- 
ler, M. J. Mack and II. G. Lindquist, Massachusetts State College. 

M19 — Frequency of the flavor defects in milk. Earl Weaver, E. L. Fouts 
and P. C. McGilliard, Oklahoma A. and M. College. 

M20 — Effects of feeds on oxidized flavors in pasteurized milk. Ed. Prewitt 
and E. H. Parfitt, Purdue University. 

M21 — Methods of studying feed effects on the physical properties of butter- 
fat. Willis D. Gallup, J. I. Keith and A. II. Kuhlman, Oklahoma 
A. and M. College. 

M22 — Effect of a heavy cottonseed meal ration on milk and butter. J. I. 
Keith, A. H. Kuhlman, Earl Weaver and Willis D. Gallup. Okla- 
homa A. and M. College. 


PRODUCTION SECTION 
Wednesday morning, June 26, 9 ; 00-12 : 00 o’clock 
Ilaecker Hall, Room 100 
O. Y. Cannon, Chairman 

VITAMINS (continued), SILAGE, HAY 
(Papers limited to 1(3 minutes) 

Pll — A study of the malnutrition incident to the heavy feeding of cotton- 
seed meal. S. I. Bechdel and S. R. Skaggs, Pennsylvania State 
College. 

PI 2 — Influence of the ration on the vitamin C content of milk. W. H. 
Ridell, C, H. Whitnah and J. S. Hughes, Kansas State College. 

PI 3 — Effect of the condition of corn plant at cutting upon the carotene 
content of silage. E. A. Kane and C. A. Cary, Bureau of Dairy 
Industry, U. S. D. A. 

P14 — The stack silage method of preserving forage crops and the compara- 
tive nutritive value of oat and pea silage made in a stack and in a 
tower. J. C. Knott, R. E. Hodgson and R. R. Graves, Washington 
State College and Bureau of Dairy Industry, IT. S. D. A. 

P15 — Pea vine silage as a feed for dairy cattle. J. C. Tretsven, Montana 
State College. 

P16 — Studies regarding the use of mineral acids for the preservation of 
forage. C. C. Hayden, A. E. Perkins, C. F. Monroe, W. E. Krauss, 
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C. E. Knoop, R. G. Washburn and T. S. Sutton, Ohio Agricultural 
Experiment Station, Wooster. 

P17 — Molasses as a preserving agent in making soybean silage. E. C. 

Elting, Clemson College, South Carolina. 

P]8 — Experimental cotlonseed meal ration plus silage versus herd ration, 
hay and silage feeding. R. H. Lush, Louisiana State University. 
P19 — The digestibility and feeding value of Russian thistle hay. II. W. 

Cave, W. H. Riddell and J. S. Hughes, Kansas Slate College. 

P20 — Lespedeza Scricca feeding trials with dairy cows. C. E. Wylie and 
S. A. Hinton, University of Tennessee. 


MAN UP A C T UR JNG SECTION 

Wednesday afternoon, June 2 fi, 1: 00-4: 30 o’clock 

Haeeker Hall, Room 109 

0. J. Mack, Chairman 

BA CTEBIOLOOi Y 
(Papers limited to 10 minutes) 

1 p. m.-2 p. m. — Section business meeting. 

M23— -The detection and control of bovine mastitis. G. J. Hucker, New 
York Agricultural Experiment Station, Geneva. 

M24 — Studies on aseptically drawn milk from Bang’s disease positive and 
Bang’s disease negative cows. II. B. Morrison and F. E. Hull, 
University of Kentucky. 

M25 — Bitter flavor in cheddar cheese from pasteurized milk. C. A. Phillips, 
University of California. 

M26 — Study of a gassy defect in cream cheese. W. J. Corbett, W. C. 

Frazier and W. Y. Price, University of Wisconsin. 

M27 — Varieties of the genus Oospora found in cream and butter. C. M. 
Sorensen, Purdue University. 

M28 — The disappearance of acetylmethylearbinol and diacetyl in butter 
cultures. G. L. Stahly, M. B. Michaelian, C. IT. Workman and B. 
W. Hammer, Iowa State College. 

M29 — A study of Escherichia-aerobacter organisms in pasteurized milk. 

Joseph L. Minkin and L. II. Burgwald, Ohio State University. 

M30 — Observations on yeasts causing gas in sweetened condensed milk. n. 

C. Olson and B. W. Hammer, Iowa State College. 

M31 — Standard laboratory methods for the control of dairy products. Rob- 
ert S. Breed, New York Agricultural Experiment Station, Geneva. 
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EXTENSION SECTION 

Wednesday afternoon, J une 26, 1 : 00-4 : 30 o ’clock 

Haecker Hall, Room 210 

Floyd Johnston, Chairmm 

SIRES (J. G. Kendrick, Chairman) QUALITY IMPROVEMENT 
(A. C. Boltzer, Chairman ) 

(Papers limited to 10 minutes) 

1 p. m.-2 p. M. — Section business meeting. 

E13 — Listing D. H. I. A. proved sires — Permanent records. E. N. Schultz, 
Iowa State College. 

E14 — Terminology for indicating the merits of D. H. I. A. sires. S. J. 
Brownell, Cornell University. 

E15 — Analysis of D. H. I. A. proved sire records. E. J. Perry, State Uni- 
versity of New Jersey. 

E16 — Sons of D. H. I. A. proved sires. D. H. Fourt, University of Idaho, 
E17 — Standardized lactation records for reporting dam and daughter com- 
parisons in D. H. I. A. J. F. Kendrick, Bureau of Dairy Industry, 
U. S. D. A. 

E18 — Quality improvement committee report. E. C. Scheidenhelm, Uni- 
versity of Nebraska. 

E19 — Quality improvement committee report. C. A. Hutton, University of 
Tennessee. 

E20 — Quality improvement committee report. Fred H. Abbott, University 
of California. 

E21 — Quality improvement committee report. A. J. Mann, Connecticut 
Agricultural College. 

E22 — Quality improvement committee report. A. C. Baltzer, Michigan 
State College. 

SECTION ON PROBLEMS AND METHODS OF INSTRUCTION 

Wednesday afternoon, June 26, 2: 00-4: 30 o’clock 

Haecker Hall, Room 100 

Earl Weaver, Chairman 
(Papers limited to 15 minutes) 

11 — A basic curriculum for an agricultural college. H. P. Davis, University 

of Nebraska. 

12 — Certain suggestions for a course of study for those majoring in dairy 

industry. J. H. Frandsen, Massachusetts State College. 

13 — Building a course in dairy husbandry. H. P. Davis, University of 

Nebraska. 

14 — Frequent quizzes in teaching dairy elements. E. L. Fouts and J. I. 

Keith, Oklahoma A. and M. College. 

15 — Adjusting dairy instruction to the needs of the state. C. E. Wylie, 

University of Tennessee. 
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16 — The integrated course of study in agriculture. A. M. Field (by invita- 
tion) Division of Agricultural Education, University of Minnesota. 


PRODUCTION SECTION 
Thursday morning, June 27, 10 : 00-1 : 00 o’clock 
Haecker Hall, Room 100 
C. Y. Cannon, Chairman 

NUTRITION, RATIONS, PERFORMANCE 
(Papers limited to 15 minutes) 

P21 — The effect of soybeans on the fat content of milk. J. W. Wilbur, J. 
H. Hilton and co-workers, Purdue University. 

P22 — The effect of quality and level of protein intake on growth and milk 
production. T. W. Rupel, G. Bohstedt and E. B. Hart, University 
of Wisconsin. 

P23 — Milk and butterfat production on high and low protein rations. C. A. 
Cary, Bureau of Dairy Industry, U. S. D. A. 

P24 — Extremes in protein feeding— Bearing of results on the protein -feed- 
ing standard. A. E. Perkins, Ohio Agricultural Experiment Sta- 
tion. 

P25- — Changes in weight of new born calves as related to the method of feed- 
ing. C. Ii. Cole, University of Minnesota. 

P2f> — The nutrients required by dairy cows kept in an open shed versus cows 
kept in a dairy barn. J. R. Dice, North Dakota Agricultural Col- 
lege. 

P27 — Formulae for calculating rations for milk cows. A. II. Kuhlman, 
Oklahoma A. and M. College. 

P28 — Permanent records in the station herd. R. B. Becker, University of 
Florida. 

P29 — Effect of breeding efficiency and culling on herd production. Lynn 
Copeland, American Jersey Cattle Club, New York City. 


MANUFACTURING SECTION 

Thursday morning, June 27, 10 : 00-1 : 00 o’clock 

Haecker Hall, Room 109 

C. J. Mack, Chairman 

CHEESE, BUTTER AND TECHNOLOGY 
(Papers limited to 10 minutes) 

M32 — Acidity in the manufacture of cream cheese. Z. D. Roundy and W. 
Y. Price, University of Wisconsin. 

M33 — The manufacture of a soft cheese of the Bel Pacse type. Robert R. 
Farrar, Bureau of Dairy Industry, U. S. D. A. 
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M34 — Experiments with canned cheddar cheese. E. L. Reichart, University 
of Nebraska. 

M35 — The vitamin A content of sour cream butter, sweet cream butter and 
margarine. I. L. Hathaway and H. P, Davis, University of 
Nebraska. 

M36 — Technic, examination and reporting extraneous matter in butter. B. 
E, Horrall, Purdue University. 

M37-— Notes on the national cream quality improvement campaign. M. E. 
Parker, Seal-test System Laboratories, Inc., Cleveland. 

M38 — Efficiency of electrically operated tanks versus ice in the cooling of 
milk. J. H. Frandsen, Massachusetts State College. 

M39 — Frozen brines as refrigerants of ice cream in cabinets and shipping 
containers. H. H. Sommer, University of Wisconsin. 

M40 — An experimental ice cream freezing unit. J. I. Keith and C. W. Rink, 
Oklahoma A. and M. College. 

M41 — Methods for testing condensing pans. L. C. Thomsen, University of 
Wisconsin. 
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PI. The involution of the mammary gland. E. P. Reineke and C. W. 

Turner, University of Missouri. 

As a result of recent work, the part played by the hormones of the 
ovary and the anterior pituitary in the regulation of the growth and 
functional activity of the mammary gland has become established. It is 
generally agreed that the growth of the duct system is stimulated by the 
estrogenic hormone. The growth of the lobule-alveolar system is regu- 
lated by a hormone secreted by the corpus luteum, acting in conjunction 
with the estrogenic hormone. The stimulus to secretory activity comes 
from a hormone secreted by the anterior lobe of the anterior pituitary, a 
small structure located at the base of the brain. 

Following weaning and the cessation of milk secretion, it has been 
observed in a series of laboratory animals that the lobule-alveolar structure 
gradually degenerates, and the gland returns to a duct system similar to 
that found in a non-parous animal. Before heavy lactation can be rein- 
duced in such animals, the lobule-alveolar system must be regrown. This 
observation is of considerable interest in connection with its relation to 
the rate of decline of lactation in normal animals. It is also of importance 
in considering the possibility of the experimental stimulation of lactation 
or of restoring milk secretion in cows that have been dry for some time. 

The object of the present report is to present the results of a study of 
the histological picture of the mammary glands of a series of goats, taken 
at various intervals following the cessation of milking. 

There is at first an. accumulation of milk in the gland, followed by 
resorption of the milk and progressive atrophy of the lobule-alveolar 
system. The alveoli shrink in size, and eventually collapse, finally disap- 
pearing completely. In early stages there is a rapid infiltration of leu- 
cocytes into the gland parenchyma and the surrounding connective tissue. 

i Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station. Journal Series No. 405. 

m 
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In the completely involuted gland only the large ducts and lateral branches, 
surrounded by connective tissue, remain 

Comparisons made between involutionary stages and various develop- 
mental stages of pregnancy, emphasize the fact that the mammary gland 
undergoes a complete involution during the drying up period, and must 
be rejuvenated by the hormones of pregnancy before the next lactation. 
It is recognized, however, that when pregnancy and lactation are con- 
current, the status quo of the mammary gland is probably maintained. 

That these observations made on goats are also true of dairy cows is 
indicated by a preliminary study of the mammary glands of cows taken 
at various stages of lactation. Here it was observed that some of the 
lobules involute while others are still actively secreting milk. This sug- 
gests the necessity of regrowing these involuted portions in the case of 
cows at advanced stages of lactation before an appreciable increase in milk 
production can be secured by stimulation with the lactogenic hormone 

P2. The ovary -stimulating interaction of blood serum from cattle and 
gonadotrophic extracts . L. E. Casida, University of Wisconsin. 

Blood serum from cattle interacts with unfractionated gonadotrophic 
extracts of the anterior pituitary to augment the weights of ovaries of 
test rats over that produced by the pituitary extract alone. Such inter- 
action is not obtained between cow blood serum and gonad stimulating 
extracts of urine of pregnant women or blood serum from pregnant mares. 
Neither is such interaction obtained between cow serum and purified fol- 
licle-stimulating or luteinizing extracts of the anterior pituitary. When, 
however, follicle-stimulating and luteinizing fractions are used together, 
there is augmentation of their combined effect by addition of cow serum. 

There is no apparent correlation between the stages of the reproductive 
cyele represented by the donor cattle and the augmenting activity of their 
blood serum. 

The augmenting action of the serum is slightly effective when adminis- 
tered orally and is not injured by boiling. 

Ini erection of blood serum with unfractionated pituitary extracts may 
account for some of the differences in the reactions of ovaries of heifer 
calves to unfractionated pituitary extracts and to pregnant mare blood 
serum. 

P3 . A review of color inheritance in dairy cattle , Human L. Ibsen and 
H. W. Cave, Kansas State College. 

Illustrations are given of the self (8) and the recessive white-spotting 
( s ) characters in cattle. A number of different modifiers of * are then 
taken into consideration. Among these are Lw (little white), PI (pig- 
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mented leg), Wr (white restrictor) and 1)1 (distal leg spot). White face 
in Holsteins and gray color in Jerseys are also discussed. 

PA. The dietary requirements of goats for vitamin E (A progress report). 
John L. Wilson, B. H. Thomas, and (\ Y. Cannon, Iowa State 
College. 

Since the discovery of vitamin E and its effect upon rats some investi- 
gators and many practitioners and stockmen have assumed that farm 
animals require this vitamin for normal reproduction. This assumption 
has led to supplementing stock rations with products known to be high 
in vitamin E content. Furthermore, the common cattle feeds have been 
tested with rats to determine their vitamin E content with the inference 
that such knowledge might aid in correcting reproductive troubles in 
cattle. 

There are no experiments reported in the literature in which it has 
been proved that vitamin E is essential to the normal reproduction of 
ruminants. As a preliminary experiment in an attempt to determine the 
dietary requirements of ruminants for vitamin E, six female goats were 
placed on a ration consisting of alfalfa hay and a grain mixture which 
had been treated with a solution of ferric chloride and ether to inactivate 
the vitamin E naturally occurring in the ration The resulting vitamin-E- 
free ration was supplemented with cod liver oil and yeast, both of which 
had been proven previously in tests on rats to be lacking in vitamin E. 
Each batch of treated ration was checked with rats to determine its free- 
dom from vitamin E. 

The health and reproduction of the goats has been excellent while 
being fed the experimental ration. Approximately one year after being 
put on the vitamin-E-free ration five of the original six females gave 
birth to nine kids (eight alive and one dead). At the end of the second 
year on the experimental ration all six of the original goats gave birth 
to nine kids (five males and four females). 

Among the kids born to the original goats at the end of the first year 
were three females. Two of these were bred and have given birth to four 
(three males and one female) healthy and vigorous kids. For reasons as 
yet unknown to us the third female grew subnormally and was recently 
killed for histological examination. 

All of the kids born the second year to both the original goats and 
the two first generation females were sired by bucks that wer rt born to 
the original goats. These young bucks had received only the vitamin-E- 
free experimental ration. 

It appears from these experiments that goats may not require vitamin 
E in their rations. If they do, then their requirements for this factor 
are below those of the rats which were used to determine the absence of 
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vitamin E from the goat rations. There is a remote possibility that vitamin 
E is synthesized in the body of the goat. 

P5. A preliminary study of the vitamin D requirement of calves when 
fed natural milk as the source of this vitamin . C. F. Huffman 
and C. *W. Duncan, Michigan State College. 

Eighteen calves were used in this investigation. Six calves were fed 
the basal rachitic grain mixture supplemented with skimmilk. The remain- 
ing calves were fed different levels of whole milk as their source of vitamin 
D. Blood plasma calcium, magnesium, and inorganic phosphorus values 
were determined each week. 

Most of the animals were slaughtered at about 160 days of age. Roent- 
genograms and silver nitrate stained sections of the eostro-chondral junc- 
tions were made of some of the ribs of each animal. Ash analysis of the 
8th right rib was also made. 

The results indicate that about 0.35 to 0 45 U. S. P. units of vitamin 
D from winter milk per pound of body weight meet the vitamin D require- 
ment for maintenance and growth from birth to five months of age, 

P6. The pathology of rickets in dairy calves . II. Ernest Bechtel, E. T. 
Hallman, and C. F. Huffman, Michigan State College. 

This study was based on 5 normal and 11 ricketic grade-Holstein calves 
selected from a group of more than 100 animals available for this work. 
The ages of the calves varied from 151 to 520 days at death. The period 
of duration of the disease varied from 38 to 212 days. 

Low vitamin D rickets in dairy calves was characterized principally 
by changes in the bones. These changes were always preceded by decreased 
concentrations of calcium and/or inorganic phosphorus in the blood plasma. 
The costo-chondral junction at the ventral end of the rib w r as selected as 
the best index to ricketic changes in the skeleton. Mid-frontal sections 
of about 4 millimeters in thickness were taken from the last 8 inches of 
the ventral end of each rib and studied by comparison of roentgenograms, 
photographs of specimens stained in silver nitrate solution, and histological 
sections. 

In the specimens studied, histological changes were confined largely 
to a relatively small portion of the bone at the costo-chondral junction. 
Retarded provisional calcification of the cartilage matrix appeared to be 
the fundamental change in rickets. However, the most conspicuous changes 
in microscopic study were irregular removal of cartilage by the embryonic 
marrow, and accumulation of excess osteoid tissue. The beading of ricketic 
ribs appeared to be caused by accumulations of osteoid tissue, but was 
exaggerated in gross appearance on the medial border of the rib by in- 
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creased curvature of the rib in a medial direction. Cupping of the ventral- 
epiphyseal end of the diaphysis was not a prominent feature in roentgeno- 
grams of the costo-chondral junctions of ricketic calves. 

Growth was an important modifying factor in rickets. More severe 
rickets was associated with more rapid growth. Younger calves developed 
more florid rickets than did older calves under similar management. 

Low plasma calcium rickets appeared in this study to be histologically 
identical with rickets in which there were decreased concentrations in the 
plasma of both calcium and inorganic phosphorus. 

P7. The color and carotene content of various home-grown roughage 
rations and the influence of these rations on the color, carotine 
and vitamin A potency of the butter fat . R. E. Hodgson, «J. C. 
Knott, H. K. Murer, and R. R. Graves, Bureau of Dairy 
Industry, U. S. D. A., and Washington State College. 

Experiments were conducted to study the relationships of the color and 
carotene content of various home-grown feeds and the color, carotene and 
vitamin A content of the butterfat produced by cows receiving sole rations 
of these feeds. Also a comparison has been made of the color and carotene 
content of butterfat and its vitamin A potency. Three groups of seven 
Holstein cows in varying stages of lactation w T ere fed rations of native 
grown forages cured as hay and as silage. One group was maintained 
throughout the winter on a ration of native grown and cured hay contain- 
ing a mixture of the common grasses and clovers. A second group was 
maintained on a ration of silage alone while the third group received both 
hay and silage. Three kinds of silage were used in these studies, namely, 
(1) silage made from perennial forages similar to and taken from the same 
fields as that which was made into hay. (2) Oat and pea silage made in 
a tower silo, and (3) oat and pea silage made in a stack. 

The groups of cows had been receiving these rations at least three 
months before the tests were begun. Color and carotene determinations 
were conducted on representative samples of pasture, native grown and 
cured hay and each of the three kinds of silage. At the same time the 
various feeds were sampled for analysis, representative samples of butterfat 
produced by each of the three groups of cows were analyzed for color and 
carotene. Vitamin A determinations were made on butterfat produced by 
(1) cows receiving the hay rations; (2) cows receiving silage made from 
perennial grasses and clover; and (3) cows receiving a ration containing 
both hay and silage. The color measurements were made by the method 
described by Nickerson, carotene by a photoelectric scopometer, the pig- 
ments being fractioned by methods modified from Willstatter and Stoll 
and more recently by Miller, and the vitamin A bio-assays according to 
the Sherman method. 

Butterfat produced from cows receiving native grown and cured hay 
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was low in both color and carotene content as compared with that produced 
by cows receiving pasture or silage as their ration. The color and the 
carotene of the butterfat produced by cows on silage alone was only slightly 
less than that produced when they were on pasture. Cows receiving a 
ration containing approximately half silage produced butterfat with almost 
as high a color and carotene content as those receiving an all silage ration. 

The dry matter of the silages had a materially higher carotene content 
than the native grown and cured hay. Butterfat produced from cows 
receiving hay and silage contained 1.64 times as much vitamin A while that 
produced by cows on all silage rations was 1.66 times as much vitamin A 
as butterfat produced by cows on hay alone. 

P8. The vitamin A activity of butter produced by cows fed alfalfa hay 
and soybean hay cut in different stages of maturity. J. H. 
Hilton, J. W. Wilbur, and S. M. Hauge, Purdue University. 

In work previously reported at the Purdue Station it was found that 
artificially dried hay was superior in vitamin A activity to field cured hay. 
Early cut alfalfa hay was also found to have a higher vitamin A value 
than late cut hay. 

It, therefore, seemed advisable to conduct some feeding trials with arti- 
ficially dried and field cured legume hays, cut in different stages of 
maturity, to see what effect they might have on the vitamin A activity of 
butterfat. Since alfalfa hay, and soybean hay to a lesser extent, have been 
shown to be very effective in maintaining a high vitamin A value of butter, 
these two hays were selected for this work. Samples of each of these hays 
were cut in the early stages of maturity and in the late stages of maturity. 
Portions of each cutting of each hay were field cured and artificially dried. 
Biological assays for vitamin A have been made on each sample of hay and 
on the butterfat from cows fed these respective hays. 

In general it was found that the artificially dried hays produced butters 
of higher vitamin A value than the field cured hays. Early cut hays were 
more effective than late cut hays in producing butters of high vitamin A 
activity. 

P9. Caratone in rations for dairy calves. A. H. Kuhlman, W. D. Gallup, 
and Earl Weaver, Oklahoma A. & M. College. 

Calves, used in continuing the work begun with older cattle to study 
the role of vitamin A in cottonseed meal rations, offer a means for com- 
paring the values of several carriers of this vitamin. 

Fifteen young calves were kept under similar conditions during the 
period of vitamin depletion. They were confined in a well-lighted bam, 
received whole milk for thirty to forty days, skimmilk to the age of six: 
months, and the basal ration of beet pulp and cottonseed meal supplemented 
With bone meal. 
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In general, low blood calcium or phosphorus values preceded or coin- 
cided with the appearance of characteristic symptoms of vitamin A defic- 
iency. Exposure to direct sunlight or addition of a vitamin D supplement 
returned blood calcium and phosphorus to normal levels in ten to fourteen 
days, but did not improve the appetite, external appearance, or gains in 
weight. 

Cod liver oil or canned tomatoes and aerated cod liver oil added to 
the rations of affected animals brought about improvement, stimulated 
appetites and increased gains in weight. Five control animals receiving 
the basal ration plus 30 cc. of cod liver oil daily and kept in the barn 
consistently exceeded the gains of normal calves. 

Caratone, a commercial product recently put on the market as a source 
of vitamin A for livestock and poultry, was given to seven calves de- 
pleted in their stores of vitamin A. When supplemented with either aerated 
cod liver oil or viosterol, responses similar to those produced by cod liver 
oil were obtained. 

Preliminary results indicate that, when supplemented with vitamin D, 
5 cc. of caratone are as effective as 30 cc. of cod liver oil or 1200 cc. 
of canned tomatoes plus 30 cc. aerated cod liver oil in supplying the 
deficiency in the basal ration. 

P10. Blindness in cattle of nutritional origin associated with constriction 
of the optic nerve. L. A. Moore, C. F. Huffman, and C. W. 
Duncan, Michigan State College. 

Thirty cases of blindness have occurred which are different from the 
true vitamin A type of blindness. The blindness is observed in calves 
following birth and in young growing dairy animals when a ration con- 
taining poor quality roughage has been fed. It is frequently associated 
with paralysis, weakness, spasms and poor reproduction or denoted by 
premature births and retained placentas. The blindness is due to atrophy 
of the optic nerve where it passes through the optic foramen apparently 
due to pressure atrophy caused by improper development of the foramen. 
Corn silage, timothy hay, and cod liver oil contain the factor or factors 
necessary to prevent this type of blindness. The evidence indicates that 
rations low in calcium and vitamin D are not directly responsible for this 
type of blindness. Six calves fed 10,000 units of vitamin A in the form 
of “caritol” developed blindness. 

Pit. A study of the malnutrition incident to the heavy feeding of cotton- 
seed meal . S. I. Bechel and S. R. Skaggs, Pennsylvania State 
College. 

The object of this research was to discover whether or not there is a 
definite relation between cottonseed meal injury and vitamin A in the 
diet;* as suggested by several workers during recent years. 
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Twelve Holstein heifers ranging in age from 6 to 18 months were fed 
on a ration practically devoid of vitamin A and high in cottonseed meal. 

The ration consisted of 37.5 per cent cottonseed meal, 37.5 per cent 
dried beet pulp, 12.4 per cent hominy feed, 12.4 per cent ground barley, 
0.7 per cent salt and 0.1 per cent irradiated yeast. No hay was included 
in the ration. 

As soon as definite symptoms of characteristic cottonseed meal injury 
appeared, each animal was started on a course of treatment designed to 
effect improvement and cure. 

A preparation of pure crystalline carotene dissolved in cottonseed oil 
was used in the treatment of most of the animals. The dosage of carotene 
reckoned as A. D. M. A. Vitamin units ranged from about 15,000 per day 
up to about 120,000 per day. The effect noted did not increase in propor- 
tion to the dose fed although some increase was shown. 

Some of the animals received activated ergosterol in addition to the 
carotene and one animal was treated for 30 minutes daily with a carbon 
arc lamp. Vitamin D did not seem to be a significant factor, judging from 
growth curves. 

Cod liver oil was fed to three of the animals and devitalized cod liver 
oil was fed to two others. 

Alfalfa hay and a poor quality timothy hay were fed to some of the 
animals late in the experiment. 

One animal which received no curative treatment died in 213 days. 

Three animals went blind while being treated with the carotene con- 
centrate. This preparation seemed to furnish the necessary factor for 
growth but did not give adequate protection against the nervous symptoms 
accompanying cottonseed meal injury. 

One animal was completely cured by feeding five pounds daily of a 
very poor quality timothy hay. Dehydrated alfalfa hay of high quality 
brought about rapid recovery when as little as three pounds per day 
were fed. 

Cod liver oil brought about rapid recovery from all symptoms of injury. 
Devitalized cod liver oil seemed to have no effect. 

A colorimetric study of the blood carotene showed a graduate decline 
of carotene in the blood of the animals on the experimental ration, even 
though receiving large doses of carotene concentrate daily. 

The results of this study indicate that vitamin A is probably important 
in preventing cottonseed meal injury, but that there may be other unknown 
factors entering in. 

Results also indicate that under certain conditions carotene is probably 
not utilized in the animal body. Further experiments are being conducted 
along this line. 
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Pl2. Influence of the ration on the vitamin C content of milk. W. H. 
Riddell, C. H. Wiutnah, and J. S. Hughes, Kansas State College. 

Titration tests were made on milk from cows fed widely different rations. 
One group of cows was receiving a ration of Russian thistle hay, molasses, 
and a grain mixture — a second group, alfalfa hay and a grain mixture — 
and a third group, alfalfa hay, corn silage, and a grain mixture. After a 
series of tests had been run on milk from these cows, part of the third group 
were turned on good rye pasture, and further tests made. 

The milk of each cow was tested for ascorbic acid by clarifying with 
trichloracetic acid and titrating the serum with 2-6-dichlorophenolindo- 
phenol. Average values were calculated for each group. 

No significant difference was found in the ascorbic acid content of the 
milk from the four groups. These results confirm previous indications from 
biological tests. 

Pi.?. Effect of the condition of corn plant at cutting upon the carotene 
content of silage. E. A. Kane and C. A. Oaky, Bureau of Dairy 
Industry, United States Department of Agriculture. 

A number of determinations of the carotene in the corn silage in two 
of the silos at Beltsville were made in the spring and summer of 1934. 
The results showed a considerable variation. In order to determine some 
of the factors influencing the carotene content of corn silage, we, in the 
fall of 1934, noted the condition of the corn plant at the time of cutting 
and took samples of the material as it entered the silos from the silage 
cutter. One portion of each of these samples was analyzed immediately 
for carotene ; and another was put into a coarse-meshed bag, labeled, placed 
in the silo, and analyzed later when it was uncovered as the silage w T as used. 

The experiment is not complete, but apparently the results show r clearly 
that the carotene content of the corn plant and of the silage made from 
it depends upon the greenness of the plant at cutting. The silage from 
the corn that was 90 to 100 per cent green at cutting contained 111 to 156 
(average 128) parts of carotene per 1,000,000 of silage (dry weight). 
When the plant w^as older and drier and only 40 per cent green at cutting, 
the carotene content of the silage was only 35 parts per 1,000,000; and, 
after a light frost when the corn plant was only 20 per cent green, the 
carotene content of the silage was negligible ( i.e ., 4 parts per 1,000,000). 

Although a carotene determination may not be a reliable measure of 
the vitamin A value of the yellow corn kernel, it is quite likely that a 
carotene determination is the best measure available of the vitamin ‘ A 
potency of the corn plant as a whole and also of the corn silage, as most 
of the carotene occurs in the leaves. We plan further work bearing upon 
this point. 
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P14. The stack silage method of preserving forage crops and the com- 
parative nutritive value of oat and pea silage made in a stack and 
in a tower. J. C. Knott, R. E. Hodson, and R. R. Graves, Wash- 
ington State College and Bureau of Dairy Industry, U. S. D. A. 

Oats and peas were cut for silage. A 30-ton wood stave silo was filled 
with this material and a stack was built of like material. The oats and 
peas were chopped by a silage cutter in both cases. The stack was covered 
with dirt to a depth of about 18 inches. Each type of silage had a pleasant 
acid odor and was palatable to both cows and sheep. 

Digestion experiments were conducted with three yearling wethers on 
each type of silage. The chemical composition of the dry matter was prac- 
tically the same for both types of silage. The stack silage contained 
approximately 20 per cent more moisture than the tower silage. 

The digestibility of the crude protein in the stack silage was approxi- 
mately 17 per cent lower than in the tower silage. The digestibility of 
the crude fiber was approximately 11 per cent lower in stack silage. While 
the digestibility of both the ether extract and nitrogen-free extract was 
slightly lower in the stack silage, the difference was too small to be 
significant. 

P15. Pea vine silage as a feed for dairy cattle. J. 0. Tretsven, Montana 
State College. 

In 1930 the Montana Experiment Station started a series of experi- 
ments to determine the feeding value of pea vine silage or pea cannery refuse 
for dairy cattle. Two feeding trials were conducted with producing dairy 
cows. In both trials the cows were divided into two uniform groups of eight 
head each. With one lot of cows, pea vine silage was substituted for nearly 
two-fifths of the alfalfa hay fed the other group, otherwise the two rations 
used were the same. The concentrate used was a mixture of ground wheat, 
oats, and barley, wheat bran and cottonseed meal, plus 1 per cent bone meal 
and 1 per cent salt. To eliminate any difference in the productive capacity 
of the two groups, these trials were conducted by the reversal method. The 
silage used was of fairly good quality. 

Two feeding trials were conducted with growing dairy heifers in which 
pea vine silage was compared with alfalfa hay. In these trials, yearling 
heifers were divided into two uniform groups. One group was fed all the 
good alfalfa hay the animals would clean up and a limited amount of grain. 
The other group was fed all the pea vine silage they would consume, a 
limited amount of alfalfa hay and the same grain ration as the first group* 
The grain in live weight was almost equal for both lots, averaging a little 
more than a pound per head daily. 

From these four trials we may conclude that a good grade of pea vine 
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silage has a feeding value for milk production and also in the ration for 
growing heifers when used as in these trials, about one-third that of good 
alfalfa hay. 

Though pea vine silage has a rather strong, penetrating odor, a good 
quality of milk may be produced by feeding after milking and removing 
the milk from the barn as soon after drawing as possible. 

P16. Studies regarding the use of mineral acids for the preservation of 
forage. Dairy Department. Ohio Agricultural Experiment Sta- 
tion, Wooster, Ohio. 

A second crop of green forage, mostly alfalfa and clover, was cut into 
two 8 x 22 wooden silos with the addition of a 1 : 4 mixture of 2 N sulphuric 
and hydrochloric acids, on August 2 and 3, 1934. 

It was planned to add 70 liters (about hr 4 pounds) of this acid mixture 
per ton of forage. The acid was siphoned into the blower (not a good 
practice). The amount of acid added in this manlier was about | the 
desired amount, so that the average pH of the resulting silage was 4.31, 
instead of 4.0, or slightly less acid than planned. 

After settling and leveling, the silage was covered with roofing paper 
aud several inches of wet shavings, the loss from spoilage being similar to 
corn silage handled in the same way. 

A similar lot of forage was made into hay which was chopped and 
blown into the mow. 

Four groups of four cows each were used for the feeding comparisons. 
All received the same grain mixture according to production. Cows fed 
the acid silage received four ounces and the check group 2 ounces of Ca00 3 
daily. 

One group received the acid silage as the sole roughage continuously 
while another was fed the dry chopped hay continuously in comparison. 
The other tw r o groups received corn silage at the rate of two pounds per 
cwt. and were reversed between acid silage and long alfalfa hay as the 
remaining roughage in periods of 6 weeks. The acid silage was fed ad 
libitum and the hay feeding regulated to supply the check group with about 
the same amount of dry matter. 

The difference in production between the acid silage and the hay fed 
groups was very small. Marked changes in the bicarbonate and ammonia 
content of the urine were evident but there was no significant change in 
the alkaline reserve of the blood. 

The vitamin A and carotene values per unit of fat produced were almost 
identical for the different groups at the same stage of the experiment. The 
carotene content of the butter fat declined from 7.5 to 3.5 milligrams per 
kg. during the first two months and remained nearly constant thereafter. 
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The milk produced on the acid silage feeding seemed to allow somewhat 
better growth than did that from the hay feeding, both being mineralized 
by the addition of iron, copper and manganese, but the difference was not 
outstanding. 

P17 . Molasses as a preserving agent in making soybean silage . B. C. 

Elting, Clemson College, South Carolina. 

In the test herein reported blackstrap molasses was employed as a pre- 
serving agent in the making of soybean silage. 

Immature Mammoth Yellow soybeans, cut in the early bloom stage, 
were ensiled late in August of 1934. One per cent by weight of blackstrap 
molasses, diluted with an equal weight of water, was added to the soybeans 
at the cutter. This immature crop had a dry matter content of only 21.25 
per cent. 

This silo was opened on November 9, 1934, and after removing the sur- 
face layer of about nine inches, the silage was found to be of excellent 
quality, having a clean acid odor and a dark green color. No evidence of 
putrefaction could be detected. 

A group of 16 milking cows was fed this silage as the only roughage 
for a period of 38 days, including a 10 day transition period and a 28 day 
experimental period. 

This silage was palatable and very little was refused from the start of 
the trial. Large quantities of the soybean silage were consumed with 
practically no refusal at the level fed. 

Due to the very high moisture content of the silage a comparatively 
small percentage of the total digestible nutrients required was secured from 
the silage and the rate of grain feeding appears unusually high. 

The silage was not excessively acid, having a titratable acidity equiva- 
lent to 1.22 per cent lactic acid. 

Comparative analyses of the fresh soybeans and the soybean silage indi- 
cated a loss of about 15 per cent of the crude protein during the ensiling 
process with slight increases in the per cent of ash and crude fiber. 

Positive balances for both calcium and phosphorus were secured in a 
trial with two heavy milking Holstein cows receiving soybean silage as their 
only roughage. The grain supplement fed contained one per cent salt but 
no other mineral ingredients. 

The soybean silage is very similar to corn silage in percentage of total 
digestible nutrients when compared on a dry matter basis. 

No objectionable flavors or odors were imparted to the milk 0 f cows 
receiving soybean silage as their only roughage, even when fed immediately 
before the milking period. 
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P18. Experimental cottonseed meal ration plus silage versus herd ration, 
hay, and silage feeding. 11. H. Lush, Louisiana State University. 

In earlier work at this station five heifers averaged 11,730 pounds of 
4 per cent-fat-corrected milk in ten months on experimental ration consist- 
ing of either cottonseed meal or soybean meal 25 parts, yellow corn 75 
parts, oyster shell flour 2 parts, and one part of salt with corn and soybean 
silage or pasture as the only roughage. Their production the following 
lactation on a herd mixture consisting of 40 parts corn, 20 parts each of 
oat bran, cottonseed meal, mixed hay, one part of salt, and silage was only 
8,996 pounds of milk. During the same periods other heifers, receiving the 
same herd ration, averaged 9,353 and 8,613 pounds, respectively, of 4 per 
cent milk. Subtracting the 740 pounds seasonal difference gives a net in- 
crease of 15.4 per cent for the experimental ration, silage and no hay, over 
the herd ration, mixed hay and silage. The net return per cow per lacta- 
tion over feed cost was also $18.21 higher without hay. 

Since then, three double reversal comparisons of 61 to 80 day periods 
each have been made using the experimental cottonseed meal ration and 
silage against one-half as much silage, legume hay, and the above herd 
ration. Mature fresh Holstein cows and corn and soybean silage were used 
all three years. Five cows were used in each group for the first two trials, 
and four each in the third. Grain was fed at the same rate to both groups. 
Silage was fed at the rate of six pounds alone, or three pounds plus one of 
hay daily per 100 pounds live weight. 

Dehydrated soybean hay was used in the first trial, but w r as not very 
palatable. During the silage alone periods 2.36 per cent more 4 per cent 
milk w r as obtained. There was also less loss in live weight than w T hen hay 
was fed. This trial indicated 281 pounds silage was equivalent to 100 
pounds soybean hay. In the second trial, western alfalfa hay of good 
quality was fed, and 8.22 per cent more milk obtained for hay and silage 
feeding than with silage as the only roughage with less loss in live weight. 
This trial indicated 386 pounds of silage were necessary to replace 100 
pounds alfalfa hay. In the third trial, locally grown dehydrated alfalfa 
was used, with 1.66 per cent more milk being produced, but greater loss in 
weight for hay and silage periods than for silage alone. This indicated 
that 324 pounds of silage were necessary to replace 300 pounds of this hay, 
or an average of 330 pounds for the three tests to equal 100 pounds legume 
hay, if no difference existed in the nutritive value of the two grain rations. 
The average of the three trials was 28.89 pounds milk per cow daily on 
experimental ration and silage and 29.44 pounds on the herd ration, legume 
hay> and silage, or an increase of 1.9 per cent for the latter method of 
feeding. Because of high cost of legume hay, oats, and bran, feed cost of 
100 pounds milk averaged 10 cents less on silage alone than with legume 
hay. 
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These trials have demonstrated that under our conditions, legume hay 
and a bulky grain ration are not necessary for economical production when 
silage, corn, cottonseed meal, and adequate mineral matter are fed. 

P19. The digestibility and feeding value of Russian thistle hay. H. W. 

Cave, W. H. Riddell, and J. S. Hughes, Kansas State College. 

Due to the drought and extreme shortage of feed in the western half of 
Kansas and portions of several other states, many thousands of tons of 
Russian thistles have been harvested and fed to livestock during the past 
season. Little information was available as to the digestibility of Russian 
thistles and practically nothing was known as to their feeding value. This 
report contains the results of a digestion trial where thistles were fed as 
an exclusive diet to dry cows and the results of a feeding trial where 
thistles supplied the roughage portion of the ration for lactating cows. 

In the digestion trial one representative each of the Ayrshire, Holstein 
and Jersey breeds were used The length of the trial was 25 days, divided 
into a 15-day preliminary period and a 10-day collection period The 
amount of thistles fed varied from 4,000 grams daily fed to the smallest 
cow to 7,000 grams fed to the largest cow. These amounts of the hay were 
sufficient to approximately maintain the body weights of the experimental 
animals. 

The hay used in both the digestion trial and the milk production trial 
was cut in early August while still fairly green and was baled as soon as 
possible This resulted in a small amoiint of mold in a few of the bales. 

The results of the digestion trial are given in the following table. 


Composition, digestibility, and digestible nutrients of Russian thistle hay 
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In the milk production trial to be reported, two lots of 5 cows each were 
fed by the double reversal method through three 30-day periods. One 
group of cows received ground alfalfa hay as a source of roughage, while 
the other was receiving ground Russian thistle hay. The grain ration used 
with alfalfa hay consisted of 4 parts corn and 1 part wheat bran. That 
fed with thistles consisted of 2 parts corn, 1 part bran, and 1 part cotton- 
seed meal. To each of these grain mixtures was added 1 per cent each of 
steamed bone meal and common salt. To improve the palatability and 
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increase the energy of the thistle ration, each cow while receiving the 
thistles was given 4 pounds daily of black strap molasses. 

P20. Lespedeza Sericea feeding trials with dairy cows. C. E. Wylie and 
S. A. Hinton, University of Tennessee. 

Lespedeza Sericea is a relatively new perennial legume in the United 
States. It has been grown at the Tennessee Experiment Station since 1927. 
(Bui. 154.) Its high protein content (11.5-14.5%), high mineral content 
(4.1-4.6%), together with its high yield and other characteristics make it a 
desirable plant in considering feeds for dairy cows. Several feeding trials 
with a limited number of cows were made during the winters of 1933-34 
and 1934-35 

In the 1933-34 trials it was compared with mixed alfalfa hay fed ad 
libitum with 10 pounds of concentrates and 20 pounds of corn silage. Milk 
and fat records and weight of cattle w’ore kept as well as weights of feed. In 
this trial the cows consumed less Lespedeza Sericea than mixed alfalfa hay 
and produced slighty less milk and fat. The most significant fact w r as that 
the cow’s did not seem to relish or eat as much Sericea hay as was expected. 
The trials the following year were planned to find a solution to this diffi- 
culty. The following 20-dav trials with two Holsteius and one Jersey were 
made with fixed amounts of silage (30 lbs.) and concentrates (10 lbs.) : 

Trial I. Lespediza Sericear—ad libitum. 

II. Alternate days of alfalfa and Sericea ad libitum. 

III. Alfalfa and Sericea ground equal parts — fed ad libitum. 

IV. Sericea ground and mixed with molasses (10 lbs. to 1 lb.). 


Results — 20 day periods 
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P21. The effect of soybeans on the fat content of milk. J. W. Wilbur, 
J. H. Hilton, and Co-workers, Purdue University. 

The question of the effect of feeds on the fat content of milk is especially 
interesting from the standpoint of feeding soybeans. In a series of seven 
feeding trials in which rations containing soybeans in varying amounts 
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were compared with rations which did not contain soybeans, the fat test of 
the milk was increased approximately 0.25 per cent. A total of 26 cows 
were fed on each ration during these feeding trials. 

An index figure to show the relationship between milk and fat was 
obtained by dividing figures representing the percentage of original fat 
production by figures representing the percentage of original milk produc- 
tion, the original milk and fat being the amount of production during the 
first 10 days of each feeding trial. The percentage of original production 
was obtained by dividing productions during the first or original 10-day 
period into the productions during the subsequent 10-day periods. When 
no soybeans were included in the ration the index figures averaged 96.4, 
indicating that the amount of fat in the milk was low in relation to milk 
production. When soybeans were included in the ration the average index 
figure was 107.7 indicating that the fat production was high. These two 
index figures show that soybeans actually increased the percentage of fat 
either by maintaining the fat content of milk while milk production was 
declining or by actually increasing the fat content of milk either when milk 
production increased or declined. 

P22. The effect of quality and level of protein intake upon growth and 
milk production. I. W. Rupel, G. Bohstedt, and E. B. Hart. 
University of Wisconsin. 

To study further the economy as well as the limitations of “home 
grown ’ 9 dairy rations this experiment wps planned and started in January, 
1934. Six lots of heifers, three animals per lot, were started at six months 
of age on the following rations : 

I — Inadequate Protein. Timothy hay, corn silage ; corn 50, and oats 50. 

II — Adequate Protein . Timothy hay, corn silage, corn 37, oats 37, and 
corn gluten meal 26. 

III — “Mixed Protein. 9 * Timothy hay, corn silage; corn 266, oats 266, 
wheat bran 234, linseed meal 117, and gluten meal 1*17. 

IV — “Home Grown. 99 Alfalfa hay, corn silage; corn 50 and oats 50. 

V — “Home Grown " plus a phosphorus-rich feed. Alfalfa, corn silage; 
corn 60, oats* 20, wheat bran 20. 

VI — “Home Grown " plus mineral phosphorus. Alfalfa, corn silage; 
corn 500, oats 500, bone meal 18.5. 

It is planned to carry the animals through the growing period and 
through at least two lactations on their respective rations. Until first 
calving the ratio of the feeds will be as 1.0 for hay, 1.0 for concentrates 
and 2.0 for silage. The nutritive ratios during growth will be 1 : 10.7 for 
Lot I, and 1 : 6.7 for the other lots. 

When the animals come into milk it is planned to adjust the proportion 
of the concentrates so that a constant ratio of protein and total digestible 
nutrients in the ration to the milk yield, will be fed above maintenance to 
all animals except those in Lot I. 
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The first year’s results show the following rates of average daily gain 
respectively for the six lots : 1.28, 1.36, 1.33, 1.48, 1.46, 1.52. While other 
differences appear insignificant all alfalfa-fed lots averaged to gain faster 
than the timothy hay lots. Analyses on the blood calcium and phosphorus 
made after 9 months on experiment showed normal concentrations of these 
elements for all animals. 

P23. Milk and butterfat production on high and low protein rations. 

C. A. Cary, Bureau of Dairy Industry, United States Department 
of Agriculture. 

Two mature Jersey cows have been fed during different lactation and 
preceding dry periods on a ration that was low in protein content ( i.e ., it 
contained 0.5 lb. of crude digestible protein per 1000 lbs. live weight of cow 
for maintenance and 1.25 times as much protein as occurred in the milk to 
cover the requirements for milk secretion). During other lactation and 
dry periods they were fed a ration of exactly the same composition except 
that the protein was increased by substituting a good grade of commercial 
casein for carbohydrate. The casein that was thus introduced into the 
basal ration was 0.2 lb. per 1000 lbs. of live weight, plus an amount equal 
to 0.75 of the protein in the milk. The energy consumption in both cases 
was about 10 x>er cent above the Savage Standard. 

Wlien changed from the high- to the low-protein ration at the begin- 
ning of her dry period, one cow immediately in the succeeding lactation 
produced 50 per cent, less milk and fat. The other cow maintained her 
production for nearly 8 months during the succeeding lactation, at the end 
of which time the milk yield and percentage of fat in it dropped abruptly. 
In her next lactation on the low-protein ration, her milk yield was 22 per 
cent of that on the preceding high-protein ration and the fat production 
was less than 15 per cent. She went dry in 5 months. 

When these changes of ration were reversed both cows immediately in 
their succeeding lactation periods fully resumed their original higher level 
of milk and fat production. The average body weight of one cow was 
about 100 pounds lower on the low-protein feeding. With the other covr 
the changes in body weight were negligible. 

P24 . Extremes in protein feeding — Bearing of the results on the protein- 
feeding standard. A. E. Perkins, Ohio Agricultural Experiment 
Station, Wooster. 

Rations of N. E. 1 : 2 and N. E. 1 : 13, and others less extreme, have been 
used over extended periods. 

In the 1 : 2 ration we seem definitely to have passed the point where 
additional protein is of any advantage. The amount of protein supplied 
above maintenance by this ration was approximately six times the protein 
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content of the milk. The amount of production was less than would nor- 
mally be expected from these cows on ordinary feeding, but there was no 
definite evidence that the ration was injurious to the cow. 

On the rations of opposite type N. R. 1 : 13 there must have occurred 
over long periods practically 100 per cent conversion of feed protein to 
milk protein, even assuming a maintenance requirement of 0.55 pound 
instead of the conventional 0.70 pound per 1000 pounds live weight. 

Production on this type of feeding was on a lower plane and the cows 
were much thinner in flesh than normal but maintained their live weight 
from year to year, remained in apparent health, and produced normal well- 
developed calves. Clearly, the dairy cow has a remarkably wide degree of 
tolerance with respect to the protein content of her ration. 

Cows in these experiments on rations having a N. R. of 1 : 11 for two 
successive lactations also apparently made 100 per cent transformation of 
feed protein to milk protein, after deducting the conventional maintenance 
allowance. Satisfactory production and condition were apparently main- 
tained. 

The old question which has long troubled the makers of feeding 
standards as to how completely feed protein could be transformed into 
milk protein has apparently been answered, at least for rations containing 
a reasonable variety of feeds, such as present in these rations. 

The relation of these results to the present feeding standard situation 
will be briefly discussed. 

P25 . Changes in weight of new-horn calves as related to the method of 
feeding. C. L. Cole, University of Minnesota. 

Fifty-three Guernsey calves were used and divided into three groups. 
They were all weighed at birth and at 24-hour intervals thereafter until 
they reached the age of 14 days. 

Group I consisted of thirteen calves that were taken from their dams 
immediately following birth without having nursed. They were hand fed 
with their dam’s milk at all times. 

The twenty-six calves of Group II were left with their dams 48 hours 
after birth. Food was then withheld for 24 hours and they were hand fed 
thereafter. 

The third group contained 14 calves that were left with their dams 96 
hours and then cared for in the same manner as Group II. 

Group I suffered a slight weight loss for the first two days and then 
a continued gain for the balance of the fourteen days at which time they 
showed an advantage of 7.9 pounds and 10.5 pounds in average weight 
increase over groups II and III respectively. 

Group II made a daily gain for the first two days, then a decided loss 
pn the third day and a daily increase for the balance of the 14 days. 
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Group III made a daily gain for the first four days. The next three 
days showed a daily weight loss and then a daily gain for the balance of 
the 14-day period. 

Group II made a slightly larger average gain during the course of the 
experiment than did Group III. 

The experiment clearly shows that dairy calves do not suffer a natural 
weight loss following birth. Also that calves not allowed to nurse their 
dams seem to get a much better start during their first two weeks than those 
allowed to nurse. 

They are also much easier to teach to drink when never allowed to nurse. 

P26. The nutrients required by dairy cows kept in an open shed vs. cows 
kepi in a dairy barn. J. R. Dice, North Dakota Agricultural 
College. 

Animal husbandmen have been prone to assume that farm animals 
should be comfortably housed for maximum production and for economical 
production. It is common knowledge now that beef cattle kept in open 
sheds will make more economical gains than barn fed cattle but the idea 
prevails that “thin skinned milk cows” require rather warm quarters. 

Our first progress report showed that for three, two-month periods in 
different years, the cows kept in open sheds were somewhat more persistent 
producers than similar groups housed in the dairy barn and that milk cows 
can stand low temperatures provided they have access to shelter that is dry 
and free from drafts. 

This progress report gives results obtained by comparing two groups of 
cows kept in the dairy barn to similar groups housed in a pen barn. The 
average temperature of the barn for two trials was 48.2° F., for the shed 
28.3° F. The average humidity of the barn for the last period was 84.3, 
for the shed 75.9. 

During the two five-months periods beginning November first, the eleven 
cows kept in the barn produced 38,706.5 pounds of 3.88 per cent milk and 
1,513.5 pounds of butterfat. The shed cows produced 35,824 pounds of 4.53 
per cent milk and 1,624.05 pounds of butterfat. 

The barn group consumed 2.499 pounds of digestible protein for every 
pound of butterfat produced and 0.0977 pound of protein for each pound of 
milk. The shed group required 2.18 pounds of protein for a pound of but- 
terfat and 0.0986 pound for a pound of milk. 

The barn cows used 16.03 pounds of total digestible nutrients for a 
pound of butterfat, and 0.629 pound for a pound of milk. The shed cows 
consumed 14.02 pounds of T. D. N. for a pound of fat and 0.635 pound for 
a pound of milk. The difference in the test of the milk may have had some 
influence on the nutrients required for fat production. 

The bam groups weighed 13,400 pounds at the beginning of the trial 
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and gained 751 pounds in five months. The shed groups weighed 12,352 
pounds and gained 982 pounds. 

During the 1934r-35 trial period three cows in the barn and three in the 
shed produced approximately the same amount of milk and butterfat. The 
three barn cows produced 13,206 pounds of 3.695 per cent milk and 488 
pounds of fat. They used 0.0878 pound of protein and 0.673 pound of 
T. D. N. for every pound of milk and 2.397 pound of protein and 18.38 
pounds of T. D. N. for every pound of fat produced. They gained a total 
of 271 pounds. 

The three shed cows produced 12,145 pounds of 3.98 per cent milk and 
483 pounds of fat. They consumed 0.0897 pounds of protein and 0.689 
pounds of T. D. N. for every pound of milk and 2.253 pounds of protein 
and 17.31 pounds of T. D. N. for every pound of fat produced. They 
gained 260 pounds. 

These data do not seem to indicate that the cows in the shed used 
nutrients fed them to maintain body temperatures. 

P27. Formulae for calculating rations for milk cows. A. H. Kuhlman, 
Oklahoma A. & M. College. 

The following formulae based on the Morrison Feeding Standard elimi- 
nate the necessity of constant reference to the feeding standard, and shorten 
the work involved in calculating rations for milk cows: 

X - M (.0311 + .0072F) 4 0.7 (1) 

Y = M(. 1005 f . 057.F) 4 7.925 j~ (2) 

In these equations X = pounds of digestible crude protein required daily, 
r = pounds of total digestible nutrients required daily, M = pounds of milk 
produced daily, F = per cent fat in milk, and W = body weight of the cow. 

While the values for body maintenance are identical with those of the 
Morrison Feeding Standard, the nutrient requirements for milk production 
approximate very closely the averages of the upper and lower limits for 
any given fat test specified in the Morrison Standard. 

If a concentrate mixture is used which adequately meets the protein 
requirements, when roughages are fed in proportion to body weight, the 
pounds of concentrates ( Z ) required daily are expressed by the following 
formula, derived from the second equation: 

\ <*> 

In this equation A = pounds of total digestible nutrients in one pound 
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of concentrate mixture and J5 = pounds of total digestible nutrients fed 
daily in the roughage allowance per 1000 pounds body weight. 

The specific formula for any given roughage and concentrate mixture 
may be derived readily from equation (3). If alfalfa hay and corn silage 
are fed at the rate of one and three pounds respectively per 100 pounds of 
body weight and if the concentrate mixture contains 73 per cent T. D. N., 
the formula is 

Z^M (.1377 f .078F) - .00349 W (4) 

Equations (1) and (2) provide very useful short methods for determin- 
ing the daily requirements of nutrients for milk cows, while specific 
formulae derived from equation (3) are especially valuable in saving time 
in calculating the daily allowances of a concentrate mixture in feeding 
experiments. A further advantage is that all calculations involved in 
equations (1), (2), and (4) may be made with calculating machines. 

P28. Permanent records in the station herd . R. B. Becker, University 
of Florida. 

What forms of permanent records shall be kept in a station dairy herd, 
in order to have them in concise convenient form for research purposes? 

The above question was decided by the late Prof. A. C. Baer and his 
associates at the Oklahoma station a few years ago. Two forms were de- 
cided upon, drafted, and printed, and the station records kept thereon. 
The first of these forms permitted daily milk yields of individual cows 
for each lactation, to be kept in such manner that these could be tabulated 
and analyzed either by calendar months or by lactation curves, using any 
arbitrary unit from the date of calving. 

The second form is a loose-leaf pocket herdbook in which each cow's 
record is tabulated by calendar months and lactation totals for four 
lactations. Space is provided for registered name and number, date of 
birth and a two-generation pedigree; also for color markings, tattoo and 
herd number. Official records for four lactations may be listed. Breeding 
and reproduction records for four breeding seasons are included. Since 
the average life-span of most dairy cows does not exceed four lactations, 
this form is adequate. For cows that exceed this age, as many as four 
additional record sheets have been used. The date and cause of disposal 
are the last entries made on each record. 

Since these are loose-leaf forms, the records are filed permanently in 
the dead file as animals leave the herd. This sheet is of convenient size 
for sorting and tabulating the breeding, gestation and calving records. 

Other stations have designed record systems adapted to their special 
uses. It is felt, after ten years' use of these record forms, that they have 
proved their usefulness as an integral part of a permanent record system. 
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P 29 . Effect of breeding efficiency and culling on herd production. Lynn 
Copeland, American Jersey Cattle Club, New York City, N. Y. 

The percentage of dry cows in Jersey herds on Herd Test has been found 
to be directly proportional to the herd average. The percentage of dry 
cows carried in all herds averaged 15.39. This means that on an average 
each cow in the herds was dry 56 days during each year. Herds averaging 
less than 250 pounds of butterfat showed an average percentage of dry 
cows of 28.23, while in the herds averaging over 500 pounds of butterfat, 
the percentage of dry cows each year was only 10.72. Small and medium 
size herds contain a smaller percentage of dry cows than do the larger 
herds. 

Herds of widely different levels of production show very similar fre- 
quency curves in the distribution of cows on the basis of production. 
Culling 10 per cent of the poorer producers results in an increase in herd 
average of approximately 20 pounds of butterfat and culling 25 per cent 
of the low producing animals increased the herd averages approximately 
42 pounds of butterfat. The increases in average yield resulting from 
culling was nearly constant regardless of the initial average production of 
the herds. 
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Ml. Studies on the ash and nitrogen distribution of processed cheese as 
affected by the salts used and a comparison of the methods used 
for the determination of the pH of the cheese. Hugh L. Temple- 
ton, University of Wisconsin. 

This paper presents the results of recent studies on the ash and nitrogen 
distribution of processed cheese as affected by the kind and amount of the 
different salts used, as the so-called emulsifiers, in the manufacture of 
processed cheese. The salts include sodium and potassium citrate, Rochelle 
Salt (sodium-potassium tartrate) and the sodium salts of ortho, meta and 
pyro phosphoric acids. In studying the nitrogen distribution only the 
water and 5 per cent salt soluble fractions have been determined and the 
values expressed in percentage of the total nitrogen found in the cheese. 
It has been found that with certain of these salts that there is a considerable 
portion of the nitrogen which cannot be accounted for in either the water 
or 5 per cent salt soluble fractions while with other salts nearly all the 
nitrogen present can be found in these two divisions. In general the per- 
centage of water soluble nitrogen increases with the increase in the amount 
of the emulsifier used. With the exception of slight increases with the 
smaller amounts of salts, the 5 per cent salt soluble fraction must of course 
decrease as the water soluble portion increases. The total ash increases 
with the increasing amounts of the emulsifiers used. The total ash was 
divided into the water soluble and insoluble fractions. 

In regard to the pH determinations, comparisons are given showing the 
variations in the values when the determinations are made with the hydro- 
gen electrode on (1:10) aqueous cheese suspensions, and when made with 
the quinhydrone electrode on the aqueous cheese suspension and when 
made on a cheese and quinhydrone paste. The results by the first two 
methods are quite comparable and average about 0.50 of a pH unit more 
alkaline than the latter method. 

M2. Effects of some ions on the properties of ice cream mixes. J. I. 
Keith, C. W. Rink, and Earl Weaver, Oklahoma A. & M. College. 

Ice cream mixes of different compositions, which had been carefully 
standardised, were used in this series of experiments. Each mix was 
divided into four batches after standardizing. One batch was always used 
as a control. To each of the other batches was added a salt solution which 
furnished one of the ions being studied. Water was added in like amount 
to the control batch. Citrate, carbonate, and calcium ions were studied. 
The salts furnishing the different ions were used in such amounts that the 
concentrations of the active ions were the same in all cases. The mixes 
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were all processed in the same manner except that the ions were added at 
different stages of processing: (1) before pasteurizing; (2) just before 
homogenizing ; (3) after homogenizing but before cooling; and (4) after 
aging and immediately before freezing. Results given in this paper are 
those obtained by studying 24 batches of each kind of mix. 

It was found that the citrate ion greatly decreased the viscosity and 
clumping of fat globules, but decreased the titratable acidity only very 
slightly. The stability of proteins was increased particularly toward 
precipitation by alcohol. 

The carbonate ion effected the mixes in the same manner as the citrate 
ion except that it was more active in lowering the titratable acidity and 
increasing the stability of the proteins toward precipitation by acid. 

The calcium ion give exactly opposite results from those of the citrate 
ion in all particulars. This included an increase in viscosity, fat clumping 
and acidity and a marked decrease in the stability of the proteins toward 
precipitation by either alcohol or acid. 

M3. The hydrogen-ion concentration and titratable acidity of butter , 
cream and buttermilk . 0. F. IIunziker and W. A. Cordes, Blue 
Valley Creamery Co., Chicago, 111. 

The primary aim of this investigation was to study the influence of 
commercial practices of neutralization and pasteurization of cream on the 
hydrogen-ion concentration of butter. Further, it was attempted to ascer- 
tain whether or not the pH determination could be used as a dependable 
index for the prediction of keeping quality in cold storage butter. Keeping 
quality here refers to freedom from flavor deterioration caused by progres- 
sive chemical changes that lead to the development of fishy flavor, storage 
flavor and allied flavor defects characteristic of butter held in cold storage. 

Experience in the commercial manufacture of butter for storage pur- 
poses has demonstrated conclusively the dependability of the churning 
acidity of the cream and cream serum as an index to keeping quality as 
regards freedom from fishiness. Observations on the development of the 
less intense but related “storage” flavor indicate the importance of such 
factors as the quality of the original cream and its titratable acidity upon 
arrival at the butter manufacturing plant. In endeavoring to apply the 
pH value of butter to the problem of predicting keeping quality it became 
necessary to study the relationship between the titratable acidity of both 
sweet and neutralized cream of different richnesses, and the pH of butter. 
The titratable acidity of butter, butter serum and buttermilk, and the pH 
of the cream and buttermilk were also determined. 

This investigation consisted of five separate series of trials involving 
a total of 59 separate churnings. In each series enough fresh sweet milk 
was separated to provide cream for 11 to 12 churnings, which received 
the following respective treatments : 
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Sweet cream, raw, churning acidity .15% 

Sweet cream, pasteurized, churning acidity .15% 

Sweet cream, ripened to a churning acidity of .25% 

Sweet cream, ripened to a churning acidity of .50% 

Sweet cream, ripened to a churning acidity of .80% 

Sweet cream, ripened to .50% acid, neutralized to a churning acidity of 
.15% 

Sweet cream, ripened to .80% acid, neutralized to a churning acidity of 
.15% 

Sweet cream, ripened to .50% acid, neutralized to a churning acidity of 
.25% 

Sweet cream, ripened to .80% acid, neutralized to a churning acidity of 
.25% 

Sweet cream, ripened to .50% acid, neutralized to .15% and ripened back 
to a churning acidity of .25% 

In the case of the neutralized churnings different portions of the cream 
ripened to .50% acid were neutralized with calcium-magnesium lime, and 
with carbonate of soda, respectively. Different portions of the churnings 
ripened to .80% acid were neutralized with calcium-magnesium lime, and 
with both calcium-magnesium lime and carbonate of soda, respectively. 

Three different richnesses of cream were used, i.e.„ cream testing 22.5%, 
32.5% and 44.5% fat, respectively. The more important results of this 
investigation are enumerated below. 

1. Sweet cream, unpasteurized, yielded butter with a higher titratable 
acidity and butter serum acidity and a lower pH than the same cream 
pasteurized. For raw cream these figures averaged: 0.044%, 0.121% and 
pH 6.23, respectively. For pasteurized cream, these figures averaged: 
0.029%, 0.098% and pH 6.34, respectively. 

2. Cream with the lowest fat content (22.5%) always yielded butter 
with a higher pH than the richest cream (44.5%). The cream of medium 
richness yielded butter with an average pH intermediate between that of 
thin and rich cream, but there were individual exceptions, where the pH 
of the butter from the intermediate cream exceeded the limits of the pH 
from the thin and rich cream. 

3. The cream acidity was, as a rule, lower than the buttermilk acidity. 
The higher the churning acidity of the cream the greater the difference. 
The difference was greater in the case of unneutralized cream than with 
neutralized cream, and ranged from an average of 0.005% for neutralized 
cream churned at 0.15% to an average of .194% for unneutralized cream 
churned at .792% acid. 

4. The cream serum acidity was consistently higher than the butter- 
milk acidity. The higher the cream serum acidity of unneutralized cream 
the greater the difference. In the case of unneutralized cream the difference 
averaged from .025% for cream churned at a serum acidity of .220%, to 
.242% for cream churned at a serum acidity of 1.228%. The difference 
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between cream serum acidity and buttermilk acidity was greater in the 
case of neutralized cream than with unneutralized cream. 

5. In the case of sweet, unneutralized cream the pH of both the cream 
and the buttermilk was higher than the pH of the butter. In the case of 
all sour, unneutralized cream (above .25% acid) and most churnings of 
neutralized cream, the pH of the butter was higher than the pH of both 
the cream and the buttermilk. In all cases the pH of the cream was higher 
than the pH of the buttermilk 

6. The titratable acidity of butter made from cream with a churning 
acidity of .25% or less did not exceed .065% with two exceptions, and in 
most cases stayed below .06% . In the case of cream with a higher churn- 
ing acidity the titratable acidity of the butter was correspondingly higher 

7. Neutralized sour cream produced butter with a decidedly higher pH 
than the same cream unneutralized and churned at the same acidity. The 
wider the range of acid neutralized, i.e., the higher the acidity before 
neutralization, or the lower the acidity churned at, or both, the greater 
the difference in pH between butter made from neutralized sour cream 
and from unneutralized cream of the same churning acidity. 

Thus in the case of a churning acidity of .25%, unneutralized sweet 
cream yielded butter with a pH range of 5.70 to 5.89, averaging 5.79, 
while portions of the same cream ripened to .80% acid and neutralized 
back to .25%, yielded butter with a pH range of 6.31 to 6.71, averaging 6.48. 

In the case of a churning acidity of .15%, unneutralized sweet cream 
yielded butter with a pH range of 6'.04 to 6.49, averaging 6.29, while the 
pH of butter made from portions of the same cream ripened to .80% acid 
and neutralized back to .15%, ranged from 7.0 to 7.26, averaging 7 09. 

8. Neutralization from .5% acid to .15% with lime gave a higher pH 
in the butter than neutralization with soda, i.e., 6.89 as compared with 6.58. 

9. These findings definitely show that the character and treatment of 
the cream have a marked influence on the pH value of the resulting butter. 
They indicate that portions of the same cream treated differently but 
churned at the same titratable acidity, may yield butter with widely 
varying pH values. Therefore, the determination of the pH value would 
not give any definite indication of the churning acidity or serum acidity 
of the cream at churning, which is the only dependable means of controlling 
keeping quality. 

10. Cream neutralized with lime or lime and soda and churned at a 
titratable acidity of .25% gives commercial butter of dependable keeping 
quality. Such butter may have a pH as low as 6.00, as shown in this 
investigation. However, when butter is encountered with a pH slightly 
lower, e.g., 5.70, this may mean poorer keeping quality only if churned 
from neutralized cream and not if the butter is from sweet cream allowed 
to sour only to .25% acidity. The highest pH found in these trials in the 
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case of sweet cream butter was 6.49. Figures obtained in tlie range 6.5 
to 7.0 or slightly above might be expected to indicate butter made from 
neutralized cream ; as a general rule the higher the pH the higher the 
acidity of the cream before neutralization, and the greater the amount of 
neutralizer added. Butter of this type may be depended upon to withstand 
prolonged cold storage without danger of developing “fishy flavor/ ’ but 
it usually shows a more or less marked “storage flavor.” 

M4. Range of hydrogen-ion concentration in sour cream butter. E. H. 
Parfitt, Purdue University, 

Approximately 65 manufacturers of butter in Indiana and neighboring 
states have been submitting to Purdue University for analysis monthly 
samples of butter. Upon these samples the hydrogen-ion concentration, 
expressed as pH, was determined on the serum of the butter, using a quin- 
hydrone electrode. 

The range in pH of 468 individual samples was from 8.0 to 4.6 and 
of all samples 10.03 per cent were over pH 7.0 ; 25.42 per cent from pH 7.0 
to 6.51 ; 38.23 per cent from pH 6.5 to 6.01 ; 18.58 per cent from pH 6 0 
to 5.51 ; 4.06 per cent from pH 5.5 to 5.01 and 3.63 per cent below pH 5.0. 
There was in January, February and March a decided decrease in the 
number of samples of butter having a serum pH of over 7.0. Some indi- 
vidual plants were able to control the pH of the butter manufactured 
within narrow limits while others varied greatly. 

M5. The thiocyanogen value as a means of measuring unsaturated fatty 
acids in butterfat. O. J. Hill and L. S. Palmer, University of 
Minnesota. 

A study has been made of the thiocyanogen value in measuring the un- 
saturated fatty acids of butterfat. The thiocyanogen value makes possible 
the determination of fatty acids less saturated than oleic acid. It was found 
necessary to modify the method of Kaufmann, 1 Zeleny and Bailey, 2 some- 
what in order to secure satisfactory results on butterfat. 

Some workers have calculated the values in terms of linoleic acid. This 
calculated value cannot accurately determine the linoleic and linolinic acids 
from a mixture containing both of these acids. The difference between 
the iodine value and the thiocyanogen value were used in this study to 
express the amount of fatty acid less saturated than oleic acid. 

This determination was applied to a series of butter samples. These 
samples were obtained from cows fed a basal ration low in fat. Oils were 

i Kaufmann, H. P. Die Rhodanomotrie von Fetten und Fettgemischen. Ztsehr. 
Unterauch. Nahr. u. Genussmtl. 51: 15-27. 

a Zeleny, L., and Bailey, C. H. Thiocyanogen number and its application to studies 
on lard. Indus, and Bngin. Chem, 24: 109. 
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added to the basal ration in order to observe changes resulting in composition 
of the butterfat. The values in butterfat produced from the basal ration 
when oils were not fed ranged from 2.49-4.16, whereas the basal ration sup- 
plemented with linseed oil gave values from 4.37—5.79. Corn oil or cotton- 
seed oil feeding failed to increase the values above the range for the basal 
ration. Coconut fat decreased the value. 

It appears that the thiocyanogen value may be useful in studying the 
effect of feeds on the composition of butterfat. 

M6. The effect of homogenization on some of the fat constants of milk . 
I. A. Gould and G. M. Trout, Michigan State College. 

In order to ascertain the chemical changes which may occur in the fat 
of milk homogenized prior to and after pasteurization, purified butterfat 
was secured from pasteurized and raw milk which was homogenized at 1500 
pounds pressure. The butterfat was examined for changes in the Reichert- 
Meissl and Polenske Numbers, the refractive index, and the acid degree. 

Averages of five trials showed homogenization of either raw or pasteur- 
ized milk had no appreciable effect on the Reiehert-Meissl or Polenske Num- 
bers, or on the refractive index of the fat. However, when raw milk was 
homogenized, the acid degree of the fat (expressed as cc. of 1 N.NaOH 
necessary to titrate the free acids in 100 grams of fat), was increased from 
.572 to 2.231 within a few minutes and to 10.37 within twenty-four hours. 
With an increase in the acid degree of the fat the titratable acidity of the 
raw milk increased and the pH decreased. Pasteurized homogenized milk 
showed none of these changes. 

In three trials, the acid degree of the fat from raw homogenized milk was 
determined at the end of each twenty-four hour period for 120 hours. The 
greatest daily increase occurred during the first twenty-four hours, when the 
acid degree increased on the average from .566 to 9.92. The increase in free 
acids was continuing at the end of 120 hours, even though the acid degree 
averaged 16.35, or an equivalent of 1.4388 grams of butyric acid, at that 
time. 

M7. Variations in 'physical properties of milks. G. P. Sanders, 3L J. 
Matheson, and L. A. Burkey, Bureau of Dairy Industry, United 
States Department of Agriculture. 

The following tests were made on the fresh milk of each cow in a herd 
of 150 animals: pH, percentage of casein, Hill curd test, rennet coagulation 
time, rennet curd tension measured by means of the American Curd-O- 
Meter (Hill curd tester), firmness of rennet curd, alcohol test, and certain 
tests for evidences of mastitis. The Hill curd test was found not satisfactory 
for measuring the firmness of curd for making Swiss cheese. The test for 
rennet coagulation time was found to be much more satisfactory for this 
purpose; the rennet curd tension test was found to be even more suitable. 
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The pH of the milks influenced the Hill curd test results slightly and bore 
a much more definite relation to the rennet coagulation time, the rennet curd 
test, the alcohol test, and the tests for mastitis. 

The average rennet curd firmness was definitely increased by an increase 
in the percentage of casein. Milks stable to rennet were usually stable to 
alcohol. Stability to both rennet and alcohol was found to be increased by 
storage at 2° to 5° 0. As in the case of the rennet tests, added CaCl 2 caused 
a loss of stability in the alcohol test. 

In milks showing evidences of mastitis the rennet curd was usually but 
not always soft ; some soft-curd milks showed no evidence of matitis. A de- 
crease in percentage of casein as a result of mastitis was not generally found. 

M8. Soft curd character induced in milk by intense sonic vibration . Les- 
lie A. Chambers, University of Pennsylvania. 

Reduction in the curd tension (Hill test) of milk was accomplished by 
flowing the fluid in a thin layer over electromagnetically driven diaphragm 
sources of intense sonic vibration. 

A study was made of the curd reducing effectiveness of oscillators operat- 
ing at 1100, 1200, 2160, 3000, 610, and 360 cycles as related to original curd 
tension of the milk, temperature, time of exposure (velocity of flow), acoustic 
energy output, and variations in the mechanical features of the apparatus. 

The percentage reduction in curd tension was greatest in hard curd (60 
grams and more) milks. Final curd values approached a constant level 
in the soft curd range no matter what the original curd texture. 

No reduction in curd tension was obtained in milk treated below 18° O. 
and very little at temperatures below the melting point of butt erf at. 

It was found that one of the oscillators (360 cycle) was most efficient 
when the milk flow was maintained at 250 gallons per hour. With a sound 
output of about 900 watts more than 50 per cent reduction was attained. 

With the 360 cycle oscillator the degree of reduction in curd tension w r as 
found to bear a direct linear relationship to the power input up to 2000 
watts when the velocity was 250 gallons per hour. This represents an out- 
put of about 18 watts per one per cent decrease in tension. Other oscillators 
at different frequencies showed much the same effectiveness with equivalent 
outputs per unit volume of milk. Hence differences in frequency were 
found to be negligible within the range explored. 

A direct relationship was found to exist between degree of fat dispersion 
and degree of curd tension reduction. The increased number of fat particles 
was shown to influence curd texture by weakening the curd matrix and by 
providing increased adsorptive area on which protein was fixed. 

Since but a small proportion of the total fat in milk need be finely sub- 
divided to reduce the curd tension, a method was devised for producing 
soft curd milk by vibration without impairing the final cream volume. 
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M9. Variations in the curd tension of the milk throughout the complete 
lactation period . M. H. Berry, University of Maryland. 

In recent years considerable interest has been manifested in soft-curd 
milk and its production. Experiment Stations and research laboratories 
have been investigating several different phases of the curd tension of cow’s 
milk, both as it occurs naturally, and as it is affected by various processing 
treatments. 

With the development of processes whereby soft-curd milk may be pro- 
duced from milk with a high curd tension, the question of changes in the 
curd tension of the original milk throughout the year or lactation period 
become very important. 

The work presented in this paper covers a series of tests made to de- 
termine the variations in the curd tension of the milk throughout the lacta- 
tion period. 

These tests involved : 

1. The curd tension of colostrum. 

2. Variations in curd tension between milkings of the same day and 

between consecutive days. 

3. The curd tension of the milk throughout the entire lactation 

period. 

4. The effect of an abortion on the curd tension of the milk. 

5. Seasonal variations in the curd tension of the milk. 

6. The average curd tension of the milk produced in one lactation 

period as compared with that of a subsequent lactation period. 

The results of the tests indicate : 

1. That colostrum has a high curd tension. 

2. That there is little variation in the curd tension of the milk be- 

tween milkings of the same day or between that of consecutive 
days. 

3. That the curd tension of the milk is fairly uniform throughout 

the lactation period with the exception of that produced the 
first fpw days following freshening when the curd tension may 
be very high. 

4. That an abortion during the lactation period does not appear 

to have any effect upon the curd tension of the milk. 

5. That there is not a seasonal variation in the curd tension of the 

milk. 

6. That the average curd tension of the milk produced in one lacta- 

tion period may vary widely from the curd tension of that pro- 
duced in another. 

M10 . Effect of mastitis upon milk quality and composition . P. A. Downs, 
University of Nebraska. 

In this study no attempt was made to study the whole milking but 
rather the complete secretion of the individual quarters of the udder. This 
was accomplished by the use of both milking machine equipment as well 
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as a four-compartment pail so that the milk from each quarter could be 
kept separate without altering the regular milking process. The prelimi- 
nary study of 36 different animals in this manner indicates that there is 
great variation in the amount of milk produced by the different quarters 
of the udder at a given milking. 

The tabulation of results obtained from cows that have had no garget 
history indicates that the hind quarters consistently gave more milk than 
the fore quarters at the same milking. Fresh cows apparently showed 
greater variation than did cows further along in lactation. When the pro- 
duction of the hind quarters was taken as 100 per cent, it was found that 
the average of eight animals in normal lactation was 57.2 per cent for the 
right front and 56.2 per cent for the left front quarters. The study of 
26 animals, which have had garget history, showed great variation in pro- 
duction. Percentage production of front and rear quarters showed reduc- 
tion as great as 90 per cent when compared with production of the cor- 
responding quarter at the same milking. The amount of reduction ap- 
parently depending upon the extent of the disease and condition of the 
udder. 

While the fat content of the milk varied greatly from quarter to quarter, 
no definite trends could be observed. 

Studies of the production of a cow being milked three times a day 
were made for 30 consecutive days. One quarter showing an active case 
of mastitis (garget) showed marked reduction in milk flow and in general 
a lower percentage of fat in the milk produced. The production of the 
other quarters showed marked variation in production from milking to 
milking. Extreme variations of 5.5 pounds to 1.5 pounds at the following 
milking and 6.7 pounds to 2 pounds were noted. The variation seemed to 
be consistent in all quarters for that particular milking. The percentage 
of fat varied greatly, showing a trend toward the highest percentage of 
fat in the largest amount of milk usually following a milking of low pro- 
duction with low percentage of fat. 

The quality of milk as shown by appearance, pH (Brom Thymol Blue 
Test), leucocyte count on original milk, and presence of streptococci in 
incubated samples, showed great irregularities during the 30-day period. 
The quarter having active mastitis showed definite changes in pH varying 
from 7.2 to 5.5 which seemed to occur in waves from one extreme to the 
other while in the most active stages, and then remaining between 6.5 and 
7.2 while in the less active stage. In the other quarters a variation of 
pH from 6.5 to 6.7 was noted but was not consistent from milking to 
milking. The active quarter showed high leucocyte count and streptococci 
in the original milk. The number of streptococci present during the most 
active stage increased and decreased periodically as did the leucocyte count. 
In the less active stage the streptococci count was less than 10,000 cc. but 
they .were found periodically in the incubated samples. 
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In the quarters that were infected but showed no signs of garget there 
was no consistent result either of leucocyte count or streptococci count in 
the incubated samples. Neither the Brom Thymol Blue Test nor the strep- 
tococci count in incubated samples showed the presence of the infection at 
all milkings. 

Mil. The relation of mastitis to the rennet coagulability and strength of 
milk. H. H. Sommer and Helene Matsen, University of Wis- 
consin. 

Curd strength and rennet coagulation studies were made on the milk 
samples from the cows of the University of Wisconsin herd as segregated 
into normal and mastitis groups on the basis of diagnoses made inde- 
pendent of this study. The tests that were used in the diagnosis were: 
udder manipulations to detect abnormalities, strip cup test, chloride con- 
tent by direct titration, brom cresol purple test, catalase test, and plate 
colony count on blood agar. 

The curd strength was determined by a modification of the Hill test. 
The coagulation time with rennet was determined at 30° C. with rennet 
extract added at the rate of 1 part to 2,500 parts of milk. The reaction 
of the milk samples was determined by the quinhy drone electrode at 35° C. 

A preliminary survey of the milk from the individual cows in the two 
groups gave the following results on curd strength: 


GROUP 

NO. 

OP cows 

NO. 

OF TESTS 

AVERAGE CURD 
STRENGTH IN 

GRAMS 

Normal 

Mastitis 

31 

15 

388 

191 

48.56 

39.17 


A smaller number of rennet coagulation tests were made. The follow- 
ing figures give the average results for rennet coagulation and for curd 
strength on the same samples : 


GROUP 

NO. 

OF cows 

NO. 

OF TESTS 

AVE. CURD 
STRENGTH 

(Grams) 

AVE. RENNET 

COAQ. 

(Minutes) 

Normal 

Mastitis . . . 

30 

15 

94 

51 

46.81 

37.87 

7.56 

10.61 


The cows with infected udders were then milked to keep the milk from 
the quarters separate and comparisons were made between the normal and 
mastitis samples from the same udder. The following average Jesuits were 
obtained in this comparison : 
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QUARTER 

NO. NO. OP 

OF COWS COMPARISONS 

AVB. CURD 
STRENOTII 
(Grams) 

AVB. RENNET 

COAO. 

(Minutes) 

Normal 

Mastitis 

16 19 

16 19 

44.82 

24.28 

9.53 

41.69 

One case was encountered 

in which the milk from the infected quarters 


was slightly more acid than the milk from the normal quarters. In this 
case the milk from the infected quarters coagulated more rapidly with 
rennet than the milk from the normal quarters. 

A similar study was made of the milk from the individual quarters of 
40 normal cows. The variations in curd strength and rennet coagulation 
between the milks from the four quarters of the same udder w’ere com- 
paratively slight. The average curd strength in this study by individual 
quarters was 53.51 grains; the average rennet coagulation time, 7.37 
minutes. 

The conclusion is reached that mastitis, even when sufficiently mild so 
that the milk is still normal to casual observation, usually causes a sig- 
nificant decrease in the curd strength and an increase in the rennet 
coagulation time of the milk. 

M12. Structural changes occurring in casein during cheese ripening as 
shown by X-ray diffraction studies. S. L. Tuckey, II. A. Ruehe, 
and G. L. Clark, University of Illinois. 

When an X-ray diffraction pattern of freshly made cheese curd is 
secured, two halos are registered on the photographic film. By measuring 
to the centers of greatest intensity, spaeings of approximately 7.3 A. II. 
and 4.6 A. IT. are obtained. After the cheese has ripened for approximately 
a week at 50° F., the halo of larger diameter gives way to two lines which 
indicate spaeings of 4.6 A. IT. and 4.2 A. IT. After two weeks, the small 
halo becomes defined as two lines of 7.3 A. IT. and 9.6 A. IJ. At four weeks, 
all lines are more sharply defined and also nevr lines at 3.04 A. U, and 
2.34 A. U. have appeared. The material that diffracts the X-rays may be 
one or more amino acids. X-ray diffraction patterns of 20 amino acids 
are being made to answer that question. The material is not tyrosine as 
indicated by a comparison of patterns and calculated spaeings. The 
material cannot be extracted by either hot water or ethyl alcohol. 

The property of the cheese curd to become stringy so that it can be 
stretched slightly begins during the matting process and increases during 
ripening. When the cheese curd is treated with hot water, the curd can 
be pulled into long threads tw r o or three feet in length. This physical 
change does not bring about an internal rearrangement of diffracting units 
such as occurs when gelatin, hair, rubber, etc., are stretched. This property 
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appears to be more comparable to a plastic flow rather than an actual 
stretching. Hence, this indicates the ultimate structure of cheese casein 
is radically different from the above materials, with the diffracting units 
having no strong polar bonds and also, not having a micellular structure 
such as gelatin. If the cheese curd had the property of becoming oriented 
upon stretching, the size of the unit cell could be calculated. This would 
give us further information as to the molecular weight of casein and 
paracasein. 

M13. Effects of time and temperature of holding milk heat-treated at 
various temperatures upon its subsequent coagulation by rennet . 
Milton E. Powell, University of Minnesota. 

Recent work at this Experiment Station has shown that calcium 
caseinate-colloidal calcium phosphate sols exhibit a hysteresis-like effect, 
similar to that of natural milk, when heat-treated and coagulated with 
rennet at various intervals after heating. Continuing the study of this 
phenomenon the effects of the time and temperature of holding heat-treated 
skimmilks were observed. 

Fresh skimmilk was heat-treated at 65° C., 75° C. and 85° C. for 30 
minutes ; a portion of each lot of milk was held at the heating temperature 
while other portions were promptly cooled to 35° C. and 5° C. and held 
at the respective temperatures. Fifty cc. samples from each of the above 
portions were coagulated with rennet at various intervals after the initial 
4 heating period. All samples were coagulated at 35° C. in an electrically 
heated and controlled water bath, one cc. of a three per cent rennet solu- 
tion being added to each 50 cc. for coagulation; each test was made in 
duplicate. The water bath holds a series of glass coagulation tubes fitted 
with glass-tipped rubber tubing that extends through the bottom of the 
bath, a fine stream of milk can be released into a beaker where coagulation 
is observed on the sides. 

The data show that when fresh skimmilk is heat-treated at 65° C. for 
30 minutes, cooled to 35° C. and rennet added immediately its time of 
coagulation is slightly less than that of the raw milk. After holding the 
heat-treated milk for hours at 35° C. only a slight decrease in coagula- 
bility resulted, the coagulation time equalling that of the raw milk. If 
the heat-treated milk is held either at 5° C. or 65° C. after the initial 
heating period a slight but gradual loss of coagulability occurs as rennet 
addition is delayed; the effects are essentially the same at either tem- 
perature. 

When the fresh milk is heat-treated at 75° C. for 30 minutes and coag- 
ulated immediately at 35° C, the coagulation time is twice that of the raw 
milk. Prolonged holding of this heat-treated milk at 5° 0., 35° C. or 75° C. 
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before the addition of rennet causes further decreases in coagulability, the 
greatest retardation occurring at 75° C. and the least at 35° C. 

Increasing the heating temperature to 85° C. causes similar but more 
drastic effects on coagulability. The coagulation time of a sample immedi- 
ately after heat-treating at 85° C. and cooling to 35° C. was four times 
that of the raw milk. Holding the heat-treated milk for 1-J hours at 5° C. 
or 85° C. after the initial heating period retarded the coagulability so 
much that samples failed to coagulate within one hour after addition of 
the rennet. That portion held at 35° C. required nearly 45 minutes to 
coagulate or 10 times as long as the unheated control. 

The change in pH is negligible, barely measureable, regardless of the 
temperature or time of heating and holding. 

M14. Determinations of copper in sugar condensed milk and, some rela- 
tions between the copper content and off flavor in strawberry ice 
cream. Harold L. Link, Harry J. Konen, and L. A. Baumann, 
Xavier University and French-Bauer Inc., Cincinnati. 

From various methods given for the determination of minute quantities 
of copper, the potassium ethyl xanthate and sodium-diethyl-dithio-carba- 
mate methods were chosen as the most practical. Considering time, sim- 
plicity, accuracy, cost, and adaptability these methods are the best in view 
of the observed data. Ninety-five per cent copper was recovered from 
control samples by the carbamate reagent, w T hile the xanthate recovered 
100.6 per cent. In’ the analysis of sugar condensed milk, the carbamate 
recovered 95.6 per cent copper and the xanthate 92.5 per cent. Using these 
two methods interchangeably throughout more than one hundred deter- 
minations, a general average of 97.5 per cent copper was recovered. The 
writers consider concentration cells as a means of determining minute 
quantities of copper well worth attention. 

Five samples of strawberry ice cream were prepared with copper added 
in equal portions ranging from 0.28 to 1.39 p. p. m. The sample with the 
largest amount of added copper developed the off flavor in 16 days while 
the rest did not become distinctly off until 51 days. The ice cream with 
no added copper developed the off flavor at the end of 65 days. 

Since the samples with added copper developed the off flavor much 
sooner than the sample with no added copper, it can be definitely stated 
that copper with time is a factor in the production of the off flavor. The 
writers suggest that since this off flavor has been described as occurring 
only during the winter season, future work be done to determine whether 
or not the quick turn-over during the summer months is responsible for 
the absence of the off flavor. Perhaps the change in diet of the cows 
is a factor to be considered, for the quality of milk is positively known 
to, change with a change in diet. 
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M15 . The application of the Minnesota Babcock method to the testing of 
ice cream , concentrated milk and chocolate milk . L. M. Thurston 
and W. Carson Brown, West Virginia University. 

Headings of Minnesota Method results for identical samples of plain 
ice cream, ice cream mix and evaporated milk were found to vary with 
(1) digestion temperature, (2) shaking procedure during digestion and 
(3) length of digestion period. Digestion at 180-185° F. yielded higher 
results than digestion in a boiling water bath. Vigorous shaking of the 
mixtures in the test bottles during digestion, especially during the early 
stages of digestion, gave higher results than were obtained by not shaking 
or by shaking gently. Digestion periods in boiling water longer than 20 
minutes gave lower results than periods of less than 20 minutes and the 
lowering of the results was progressive as the time beyond 20 minutes 
was increased. 

Based on the above observations the following method of procedure 
was found to give accurate results for plain ice cream, ice cream mix and 
evaporated milk : 

Weigh 9 grams of prepared sample each into two 20 per cent ice cream 
test bottles. Add 15 cc. of Minnesota Reagent. Digest 12 to 15 minutes 
in a gently boiling water bath, having the bottles in a rack held at least 
2 inches above the bottom of the bath. Shake the tests vigorously at the 
time when at least half the contents of the bottle have turned dark brown 
(usually about 2\ minutes after placing them in the water bath). Shake 
vigorously again about 1 minute later. (Note: Some care may be necessary 
when starting to shake the bottles the second time as the “Petrohol” in 
the reagent may boil off through the neck of the bottle taking with it some 
of the mixture). Place the tests in a centrifuge and centrifuge them for 
one-half minute at the speed used for regular Babeock tests. Add hot 
water (130-140° F.) to float the butterfat well up into the neck of the 
test bottle. Centrifuge for one-half minute. Place the tests in a water 
bath at 133-137° F. and leave for 5 minutes. Just before reading each 
test allow colored reading fluid to flow gently onto the surface of the fat 
column. Hold the bottles in a level position and read as one would read 
a Babcock cream test. To secure accurate readings apply divider points 
to the smooth side of the bottle neck. When adjusting the lower point of 
the dividers keep the eye on a level with that point and when adjusting 
the upper point raise the eye level accordingly. Average the duplicate 
determinations. 

The Minnesota Method does not yield accurate results for chocolate ice 
cream and chocolate milk. Good results can be obtained with the method 
for sweetened condensed milk if great care is observed in following out the 
procedure. 
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M16 . The standardization of the Borden Body Flow Meter for determining 
the apparent viscosity of cream. J. C. Hening, New York Agricul- 
tural Experiment Station, Geneva. 

Due to a demand from production men of milk plants for a simple 
method of estimating cream body, a simple efflux instrument called the 
Borden Body Flow Meter was developed by Nair and Mook. 

Since this instrument is coming into general use in milk plants for de- 
termining the apparent viscosity of cream it seemed desirable to compare 
results obtained with it with results obtained by using a standard instrument 
such as the Mac Michael viscometer. 

The results of comparative tests of the two instruments with sucrose 
solutions ranging from 20 to 65 per cent sucrose and cream ranging in fat 
content from 30 to 52.5 per cent are reported in this paper. The viscosity 
determinations of the sucrohe solutions were made at 20° 0. and those of the 
cream were made at 15.6° (\ 

The viscosities in centipoises for sucrose solutions as determined by the 
Mac Michael viscometer when plotted against the seconds as determined by 
the Borden Body Flow Meter give a straight line relationship passing 
through zero which shows that the Borden Body Flow Meter gives correct 
results throughout the entire range for a true solution. 

When plotting the results for cream, in a similar manner, the creams 
containing 30, 35 and 40 per cent fat show practically a straight line 
relationship but for creams of higher fat content the relationship is shown 
by a curved line. 

For creams of higher viscosity the Borden Body Flow Meter consistently 
gave results which were higher than those obtained with the Mac Michael 
viscometer. However, results on very viscous creams may be transposed to 
approximate centipoises by the standardization data secured on cream there- 
by making it possible for those using the Flow Meter to compare their results 
quite accurately with data reported in centipoises. 

M17 . Judging sweet cream. J. H. Nair, D. E. Mook, and R. S. Fleming, 
Borden’s Research Laboratories, Syracuse, N. Y. 

In the past, little attention has been given to judging methods for sweet 
fluid cream intended for immediate distribution. While the “Score Card 
for Milk and Cream” which has been adopted by the U. S. Department of 
Agriculture may be quite satisfactory for market milk, it scarcely covers all 
characteristics which should be considered in judging the quality of sweet 
cream. 

The bulk of fluid cream sales occurs in urban centers. Statistics com- 
piled to several of the large eastern markets show that at least 40 per cent 
of the total milk volume used in these markets is distributed in the form of 
fluid cream. This may not hold strictly throughout the U. S. but it is evident 
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that fluid cream occupies, both from the angle of dollar sales and the total 
yolume of milk entering into it, a very high place in the economics of fluid 
milk distribution. It appears that a score card which would properly 
measure the quality of fluid cream should be quite valuable to the industry 
and the public in evaluating the quality of the product. Such a score card 
should include those characteristics which are factors in consumer accep- 
tance. 

A scoring plan is suggested for general use which embodies these ideas. 
This plan includes scoring of flavor, body, cream plug and serum separation, 
color, sediment and container. Methods of determining viscosity and whip- 
ping quality are discussed, and standards of quality are suggested under 
each heading of the scoring plan. It is proposed that the Association ap- 
point a committee to formulate a suitable universal score card for cream 
only, which may eventually serve as a basis for 'grading market cream. 

M18. Some factors affecting the properties of whipped cream . W. S. 
Mueller, M J. Mack, and H. G. Lindquist, Massachusetts State 
College. 

The variable factors studied and described in this paper are: 

1. Rate of cooling after pasteurization. 

2. Homogenization and milling of the cream. 

3. Added serum solids. 

a. Condensed skim milk. , 

b. Skim milk powder. 

4. Addition of various stabilizers. 

a. Gelatin. 

b. Dairloid. 

c. Kraftogen. 

d. Sodium caseinate. 

e. Vegetable gelatin. 

5. Effect of sugar. 

a. Amount. 

b. Time of adding. 

6. Effect of feed. 

The cream was whipped with the mechanical whipper as described in 
the Journal op Dairy Science, XVIII, No. 3, 177. By connecting a sensi- 
tive wattmeter with the whipper motor it was possible to determine the 
relative stiffness of the cream throughout the whipping process. All 
samples of cream were whipped to their maximum stiffness. Tables are 
presented showing the maximum stiffness, as measured in watts, time to 
obtain maximum stiffness, average watt increase per second of whipping, 
overrun, amount of drain after 24 hours, per cent of fat in drain and rela- 
tive viscosity of cream after aging. Graphs present the stiffness of the 
whipped cream at regular intervals of 10 or 5 seconds after whipping 
was started. 
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The keeping quality of the whipped cream when stored in pint ice 
cream cartons at 38° F. was noted, as this is of interest to the dairyman 
selling whipped cream. 

M19. Frequency of the flavor defects in milk . Earl Weaver, E. L. Fouts, 
and P. C. McGilliard, Oklahoma A. and M. College. 

A milk flavor study in progress since August 2, 1933, lias provided 928 
milk samples which have been scored. The samples are obtained from Jer- 
sey cows in the college herd. The cows receive special care on the days of 
sampling to prevent feed flavor in the milk. A sample from each cow is 
cdlected at the evening milking on each Tuesday. It is cooled and held at 
40° F. till the next morning at 8 : 00 when it is warmed to 90° F. and scored. 

Scoring is usually done by four or five staff members. The scoring is 
aided by a chart as described in the Journal of Dairy Science, Vol. XVIII, 
No. 1. The chart lists 18 defects that may be noted in milk flavor. 

To date 928 samples have been scored. If we consider one judged score 
on one sample as an observation there have been 4,262 such observations. In 
only 9.9*5 per cent of the observations did a judge fail to note a flavor de- 
fect. These were the only samples scored excellent. In 1.5 per cent of the 
observations the judge was unable to identify the flavor he detected. 

The following enumeration ranks the 18 defects according to the fre- 
quency with which each was used. The figure accompanying each defect 
gives the percentage of all the observations in which the particular defect 
was the one noted. They are: (1) feed 19.73 per cent, (2) cowy 15.49, (3) 
rancid 10.39, (4) stale 8.47, (5) salty 4.67, (6) flat 4.65, (7) sweet .87, (8) 
bitter .45, (9) metallic .38, (10) weedy .38, (11) oxidized .35, (12) sharp 
.35, (13) nutty .33, (14) cooked .31, (15) watered .21, (16) acidy .09, (17) 
musty .02 and (18) disinfectant .02 per cent. 

These defects used alone account for 67.23 per cent of all observations. 
Frequently two defects were noted in a sample, in 10 cases three defects were 
noted and in 1 case there were four. 

For instance, “feed” along with other criticisms was noted in 7.60 per 
cent of the observations. “Cowy” was associated with other defects in 7.65 
per cent of the cases. “Stale” was so noted in 6.98 per cent of the cases 
and “rancid” in 5.16 per cent. 

Despite the effort to prevent feed flavors they were the most frequent 
offenders. Cowiness was nearly as frequent. The “rancidity” is the most 
serious of all because it is often so offensive as to make the milk inedible. 
Its frequency is of concern. The “stale” flavor is likewise serious. 

These four defects— -feed, cowy, rancid, stale — were observed as the sole 
criticism of the milk in 54.08 per cent of the observations. The other 14 
defects occurring singly account for but 12,15 per cent. 

Various combinations of flavor defects constitute 21.32 per cent of the 
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observations and as stated above in 1.5 per cent of tbe cases the defect was 
not identified while in 9.95 per cent no criticism was offered. 

M20. Effects of feeds on oxidized flavors in pasteurized milk . Ed. Pre- 
witt and E. H. Parfitt, Purdue University. 

Fourteen cows in the Purdue University dairy herd were fed rations 
composed of commonly used concentrates which included ground white 
and yellow corn, ground oats, ground soybeans, wheat bran, soybean oil, 
soybean oil meal, linseed oil meal, dried brewers grains, and gluten feed 
to determine the effect of these rations upon the development of oxidized 
flavor in pasteurized milk. All of the cows were fed the same roughages, 
silage and alfalfa hay. 

The milk samples were collected immediately after milking from alumi- 
num pails, pasteurized in Pyrex flasks by heating to 63° C. and holding 
for 30 minutes, then cooled to 4.4° C. Oxidized flavor failed to develop 
in any of the samples of milk from cows fed these rations when the samples 
were stored at 4.4° C. for 72 hours. 

The effect of the various rations on retarding the development of 
oxidized flavor in milk to which had been added minute quantities of 
copper compounds was also determined. The results indicate that the 
rations containing soybean oil either direct or in the unprocessed beans, 
had a tendency to produce milk which upon holding developed less degree 
oxidized flavor than did the milk from cows fed other rations. 

M21. Methods of studying feed effects on the physical properties of butter- 
fat. Willis D. Gallup, J. T. Keith, and A. H. Kuhlman, Okla- 
homa A. & M. College. 

Apparatus and routine procedure have been developed to study the in- 
fluence of feed, particularly cottonseed meal, on the physical properties of 
butterfat. Although chemical methods furnish information about the true 
nature of butterfat, they often fail to describe accurately such properties as 
body, texture, and hardness. Only under carefully controlled conditions 
have the usual chemical constants been correlated with physical properties. 

In the tests described, measurements are made of the hardness of butter- 
fat by determining the weight of mercury required to force a plunger 5 mm. 
in diameter through a disc of butterfat 6 mm. in thickness. The determina- 
tions are made at temperatures between 18.2° and 23° C. at intervals of 0.6°. 
At 20° C. the hardness of “herd” and cottonseed meal butterfat samples 
expressed in cc. of mercury is approximately 9 and 23 respectively. Meas- 
urements are also made of hardness at 0° C. by determining the depth of 
penetration of a standard rod into a sample of the hardened fat. 

Melting time is measured at temperatures between 45° and 75° C. at 
intervals of 5°. A determination is made of the time required for 25 cc. of 



PAPERS PRESENTED AT ANNUAL MEETING 


469 


butterfat in a standardized tube to melt and form a clear liquid when trans- 
ferred from an ice bath to a water bath maintained at the desired tempera- 
ture. At 45° C. the melting time of different samples varies between 14 and 
20 minutes. 

Congealing time is determined on a 5 cc. sample of fat y>laced in one arm 
of a Y-shaped test tube which contains a free-moving small steel ball. The 
tube is transferred from a water bath held at 40° C. to one held at 20° C. 
and rocked back and forth until the sample solidifies sufficiently to hold the 
ball in a fixed position. 

M22. Effect of a heavy cottonseed meat ration on milk and butter. J. I. 
IvEiTn, A. H. Kuhlman, Earl Weaver, and W. D. Gaulup, Okla- 
homa A. & M. College. 

In this series of studies the mixed milk from five Jerseys on a heavy 
cottonseed meal ration was compared to the mixed milk from five Jerseys on a 
normal herd ration. For sake of simplicity the milk or milk products from 
the former are designated as * * cottonseed meal” and from the latter as 
“normal.” 

The results obtained from scoring the two milks show that the flavor 
score of the cottonseed meal milk was slightly higher than that of the 
normal milk. While the cottonseed meal milk was often criticized as having 
a slightly flat flavor, this was not as serious as the feed flavor which was 
more common in the normal milk. 

There was no difference in the exhaustiveness of separation of the milks 
or the exhaustiveness of churning of the creams. 

When the cottonseed meal cream was churned at the same temperature 
as normal cream it required about 55 per cent longer time to churn. In 
order to make the churning time of each kind of cream the same it was 
necessary to churn the cottonseed meal cream at about 6° F. higher tem- 
perature. For correct working of the butter it was necessary to use a 
correspondingly higher temperature of wash water. 

When butter color was used in the normal cream at the rate of one 
ounce per hundred pounds of fat it was necessary to use 1.75 ounces of 
color in the cottonseed meal cream. 

When working the butter it required 124 revolutions of the churn to 
incorporate the desired amount of moisture, whereas 99 revolutions of the 
churn incorporated a little more than the desired amount of moisture in 
the normal butter. 

The cottonseed meal butter scored about .7 of a point lower than the 
normal butter, due mostly to its somewhat gummy body. 

M23. The detection and control of bovine mastitis. G. J. Hucker, New 
York Agricultural Experiment Station, Geneva. 

A study of a long series of samples of milk from mastitis-infected cattle 
which subsequently have been available for post-mortem examination, has 
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indicated that milk containing more than 500,000 cells per cc. always 
signifies a pathological condition in the udder. In addition, long chain 
streptococci are not found in udders which are free from any traces of 
fibrosis or induration. Udders free from all pathological changes do not 
discharge long chain streptococci or a great number of leucocytes. 

It has been found that there is a definite correlation between the various 
laboratory and barn tests which are now available to detect udder infec- 
tions. Prom the standpoint of examination of quarter samples, the least 
effective is the strip cup, while certain of the more complicated laboratory 
tests will detect abnormalities when only traces of infection are present 
in the herd. Prom a practical standpoint, the brom thymol blue test 
appears to be the most adaptable, while in the laboratory the examination 
of incubated samples, the use of Burri slants, and the leucocyte count, 
are to be especially recommended. 

It is exceedingly difficult to eliminate mastitis from dairy herds but it 
is possible to bring it under reasonable control. This may be brought about 
by a dairymen adhering to a general routine, as follows: 

1. Test each quarter in the herd for infection by either the strip cup 
or brom thymol blue test. 

2. Segregate as soon as possible at one end of the milking line and milk 
last all cows reacting to either of these tests as well as all cows giving 
milk that is watery, thick or showing any evidence of infection. 

3. All replacements in the herd should be tested (brom thymol blue) 
before being added to the herd. If replacement is dry, the advice of a 
competent veterinarian should be secured. 

4. See that all cows are milked dry at each milking. If a machine 
is used, strip dry promptly. 

5. Watch all cows with injured quarters carefully for infection. 

6. Reasonable sanitary precautions should be carried out in the man- 
agement of the herd. 

Milk from suspected cows should not be milked oti the floor. 
Although no definite data are available on the effect of feeding 
infected milk to calves, it is advisable not to use mastitis infected 
milk for calf feed unless it has been brought to a boil. 

7. If trouble is still experienced after using the above methods, and 
if a more stringent method of detection of infected quarters than outlined 
above is desired, get in touch with your milk inspection laboratory or a 
competent veterinarian for a more intensive study of the herd. 

MM. Studies on asepticaUy drawn mitk from Bang’s disease positive and 
Bang’s disease negative cows. H. B. Morrison and P. B. Hull, 
University of Kentucky. 

A study was made of milk drawn aseptically from 57 cows in the Ken- 
tucky Agricultural Experiment Station dairy herd from 1931 to 1984. 
Determinations made were brom thymol blue reaction, leucocyte count, 
bacterial count, agglutination test for Brucella abortus and titratable 
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acidity* One hundred and thirty-two samples were studied from 13 cows 
in the so-cajled positive herd of which all but one were reactors to the 
agglutination test for Bang’s abortion. Four hundred and forty-nine 
samples were secured from 44 cows which made up the so-called negative 
herd. None of the cows in the negative herd were reactors to the agglu- 
tination test for Bang’s abortion. 

Of the samples from the positive herd 57 or 43.2 per cent gave reactions 
to the brom thymol blue lest while from the negative herd only 19 or 4.2 
per cent showed reactions. 

The leucocyte counts of the samples from the positive cows averaged 
1,291,000 per ce. as compared with 441,000 per ee. for those from the nega- 
tive cows. The average leucocyte count of the samples reacting to the brom 
thymol blue test was 2,326,000 per cc. and for the samples normal to this 
test the average was 395,000 per cc. The average leucocyte count of all 
samples was 639,000 per cc. 

Of the 132 milk samples from the positive herd 51 or 38.6 per cent gave 
reactions to the agglutination test. Twenty of these samples also reacted 
to the brom thymol blue test. Sixfy-eight samples from this group reacted 
to one of these tests, but not to the other while 44 samples gave negative 
reactions to both the agglutination and brom thymol blue tests. 

M25. Bitter flavor in checldar cheese made from 'pasteurized milk. C. A. 

Phillips, University of California. 

This is a progress report on work being conducted to attempt to deter- 
mine the relation of certain lactic cultures to the development of bitter 
flavor in Cheddar cheese made from pasteurized milk, and also to determine 
the relation of acidity at the different stages of the making and curing 
process to the development of the bitter flavor. 

Twenty-two lots of cheese were made from milk of average quality, 
selected at the University of Wisconsin* creamery platform, and pasteur- 
ized in a vertical removable coil pasteurizer at 62° C. to 64° C. for 30 
minutes. Some lots were cooled to 5° C. and were held over night, while 
other lots were cooled to 31° C. and were made into cheese immediately. 

Three different cultures of streptococcus lactis were used. Two of these 
were commercial starters, and the third was isolated from a prize-winning 
Cheddar cheese. Two cultures of lactobacilli, obtained from the United 
States Department of Agriculture, Washington, D. C., were used to supple- 
ment the one of the commercial cultures in some lots. 

The cheese was made according to the regular cheddar cheese process, 
using 800 pounds of milk for each lot. The rate of acid development was 
varied in the different makes. The curing was done at an average tem- 
perature of 7° C. 

♦ The work to date on this project has been conducted at the University of Wiscon- 
sin* Madison* Wisconsin. 
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Hydrogen-ion concentration measurements were made on the curd and 
cheese at regular intervals. The cheese was graded each month during the 
curing process. 

The rate of acid development in milk and in the curd during the making 
process was found to vary with the different cultures of 8 streptococcus lactis. 
With all of the cultures, however, when the pH value of the cheese was 4.90 at 
4 days, bitter flavor subsequently developed. It also appeared in a majority 
of the lots of pH 4.95 and in a part of the cheese of pH 5.00, but not in the 
cheese of higher pH values. 

In cheese having a pH value at 4 days of 5.00, an improvement in flavor 
was noticed when one of the commercial starters was supplemented with 
the lactobacilli. The other two lactic starters were not tried with the 
lactobacilli. 

Off flavors of the fermented type developed in some of the cheese having 
pH values at 4 days of from 5.15 to 5.25. In these the salt content was 
lower than in the cheese which did not develop the off flavors, indicating 
the possibility of a critical salt concentration for this type of cheese. No 
relation was found, however, betweeif bitterness and salt concentration 
within the limits of salt used. 

M26. Study of a gassy defect in cream cheese. W. J. Corbett, W. C. 

Frazier, and W. V. Price, University of Wisconsin. 

Manufacturers of cream cheese sometimes encounter serious difficulty 
from gas development in cheese packed under vacuum in 6 ounce cocktail 
glasses. The defective cheese has a yeasty fermented taste and odor. The 
gas accumulates in small bubbles which are sometimes filled with whey. 
Eventually the gas developed releases the vacuum and may actually lift 
the covers and cause the contents of the glass to spill over the sides. The 
defect is commonly noticed during the summer months, and seems to occur 
more frequently in cheese flavored with pimientos, pineapple or relish than 
in the plain cheese. 

Five typical samples of defective cheese were plated on dextrose nutrient 
agar, potato nutrient agar, acidulated dextrose nutrient agar, and acidu- 
lated potato nutrient agar. Colonies were picked into glucose nutrient 
broth and those cultures which produced gas were replated until pure cul- 
tures were isolated as shown by the gram-stain. 

Lactose fermenting yeasts of the genus Saccharomyces were isolated 
from the cheese. These yeasts reproduced the defect when they were in- 
oculated into sterile cheese and packed under vacuum. Addition of sucrose 
or flavoring materials such as pimiento, pineapple, or relish increased the 
amounts of gas produced. None of the aerobic or anaerobic bacteria which 
were isolated from the cheese were able to produce the defect. 

Preliminary thermal death point studies have been made with several 
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of the yeasts which showed that the yeasts were readily destroyed at 
pasteurization temperatures. 

Market samples of two local and two nationally advertised brands of 
cream cheese which are sold in Madison were studied bacteriologically over 
a period of 10 weeks beginning in March, 1935. 

Plate and microscopic counts were made to show the total numbers of 
organisms in the cheese. Number of yeasts and molds were determined. 
Samples of cheese were incubated in sealed test tubes and the volume of 
gas produced at 28° C. was measured. In all cases where gas was pro- 
duced yeasts were present in large numbers. The bulk cheese had lower 
yeast and mold counts than the packaged product. 

M27. Varieties of the genus Oospora found in cream and butter. C. M. 
Sorensen, Purdue University. 

Eight cultures of Oospora were isolated from samples of neutralized 
sour cream butter. The morphology and cultural characteristics of these 
cultures were studied and described as to their effect on three carbohydrate 
broths, liinus milk, dextrose gelatine, nile-blue sulphate butterfat agar, 
skim milk agar and potato dextrose tartaric acid agar. Observations on 
their behavior and effect on cream under varying conditions of acidity and 
temperature in pure culture and in mixed culture were also recorded. 

Notable differences in proteolysis, Jipolysis, growth rates, temperature 
relations, thermal death points, and colony characteristics w T ere found 
within the eight cultures isolated. 

M28. The disappearance of acetyl methylearbinol and diacetyl in butter 
cultures. 0. L. Staiily, M. B. Miciiaeuan, C. H. Werkman, 
and B. W, Hammer, Iowa State College. 

The importance of acetylmethylcarbinol and diacetyl in butter cultures 
is indicated by the fact that cultures having a satisfactory flavor and aroma 
contain relatively large amounts of these materials, while cultures lacking 
in flavor and aroma contain only small amounts or none. The maximum 
production of acetylmethylcarbinol and diacetyl in a culture is ordinarily 
followed by a decrease, the rate of which depends on a number of factors. 

Various investigators have considered that acetylmethylcarbinol may 
be reduced to 2, 3-butylene glycol by certain bacteria, and this suggests 
that the disappearance of acetylmethylcarbinol and diacetyl in a butter 
culture may be due to such a reduction. This suggestion was tested in a 
series of trials with pure cultures of the citric acid fermenting streptococci 
normally present in butter cultures and with butter cultures themselves. 

When tomato bouillon was inoculated with one of the citric acid fer- 
menting streptococci, the organism allowed to increase in numbers at 21° 
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C., and acetylmethylcarbinol or diacetyl tiien added, there was a rapid 
decrease in the added reagent and a corresponding increase in 2, 3-butylene 
glycol. Reduction was less rapid in cultures in which the pH was reduced 
to about 4.0 with sulfuric acid than in unacidified cultures. When milk 
was used as a medium instead of tomato juice, reduction of added acetyl- 
methylcarbinol or diacetyl also occurred but often at a somewhat slower 
rate. 

In butter cultures held at 21° C. decreases in the amounts of acetyl- 
methylcarbinol and diacetyl were accompanied by corresponding increases 
in 2, 3-butylene glycol. When cultures were held at about 0° C. there 
were slow decreases in acetylmethylcarbinol and diacetyl and comparable 
increases in 2, 3-butylene glycol. The relatively rapid decreases in acetyl- 
methylcarbinol and diacetyl which occurred in neutralized cultures at 21° 
C. and the relatively slow decreases in such cultures at 0° C. were also 
accompanied by compensating increases in 2, 3-butylene glycol. 

M29 . A study of Escherichia-Aerobacter organisms in pasteurized milk. 

Joseph L. Minkin and L. H. Burgwald, Ohio State University. 

Gassy fermentation in pasteurized milk is undesirable. The usual 
cause is Escherichia-Aerobacter organisms. Their presence in pasteurized 
milk is considered as an indication of inefficient pasteurization, or subse- 
quent contamination after pasteurization. 

Presumptive fermentation tests were run on more than 350 commer- 
cially pasteurized milk samples obtained from more than 100 pasteurizing 
plants. 

Approximately forty per cent of the pasteurized samples gave gas in 
the presumptive test. Partially confirmed tests were made on B. M. B. 
and Endo media. 

Heat tests were run on the Escherichia and Aerobacter forms from the 
confirmed tests. About 35.0 per cent of the organisms tested were able to 
resist pasteurization temperatures. 

More definite figures will be available when the last group of samples 
are put through the various tests. 

This work indicates that certain of the Escherichia- Aerobacter organ- 
isms are able to live through pasteurization. Previous workers have shown 
this also. This paper gives an indication of the relative importance of 
these heat resisting organisms. Their presence will make it more difficult 
to evaluate results of fermentation tests made on pasteurized milk. 

M30. Observations on yeasts causing gas in sweetened condensed milk . 

H. C. Olson and B. W. Hammer, Iowa State College. 

Two types of yeasts were isolated from gassy sweetened condensed milk 
and studied in detail. An oval type, which was identified as Torula lactis- 
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condensi, was isolated from all of the eight samples of gassy milk examined, 
while a spherical, type was found in two of them. The name Torula globosa 
is suggested for the spherical type, which apparently is identical with the 
spherical yeasts isolated from sweetened condensed milk by various investi- 
gators. The differences between T. lactis-condensi and T. globosa involve 
primarily morphology, extent of growth on solid media in the absence of 
fermentable material, and growth temperatures. 

From the reports of previous investigators and from the information 
obtained in this stud}' it appears that gas formation in sweetened con- 
densed milk is commonly due to T. lactis-condensi or to T. lactis-condensi 
and T. globosa growing together, and that when the two species are grow- 
ing together T. lactis-condensi is the more numerous. A pure culture of 
T. globosa inoculated into sweetened condensed milk produced gas, and one 
investigator found only this species in a sample of milk that had blown 
under commercial conditions. 

M31. Standard laboratory methods for the control of dairy products. 

Robert S. Breed, New York Agricultural Experiment Station, 
Geneva. 

A brief outline will be given of the progress that has been made during 
the past year in preparing standard laboratory methods that are useful in 
the official control of dairy products. This will include a discussion of 
efforts that are being made in other countries to develop more uniform 
laboratory procedures in this field. The matter is one of interest, not only 
to the industry but also to the men who are responsible for official control 
work. 

Further research is needed along several lines, some of which will be 
indicated briefly. 

M32. Acidity in the manufacture of cream cheese. Z. D. Roundy and 
W. Y. Price, University of Wisconsin. 

Approximately 100 lots of cream cheese were made by the cooked-curd 
process in which a 16 per cent cream was pasteurized at 145° F. for 30 
minutes, homogenized at 1500 pounds pressure per square inch at 120° F. 
using the single stage Manton-Gaulin, and coagulated by the action of 
rennet and lactic starter. The results of modifying the conditions of 
coagulation indicated that this type of cheese does not react like either the 
neufchatel cheese, which it displaced commercially, or the rennet-curd 
cottage cheese, which is commonly coagulated in an identical manner. 

Rennet was varied from 0 cc. to 28 cc. per thousand pounds of cream 
and failed to alter appreciably the quality of the cheese. 

Starter inoculations varying in amounts from 0.1 to 25 per cent were 
used. Large inoculations shortened the setting time. There was no ad- 
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vantage in using amounts greater than 5 per cent because (1) the rate of 
draining was retarded which more than compensated for the reduction in 
the time of setting. The retardation was due to the addition to the mix 
of unhomogenized milk in the form of starter. (2) There was danger of 
imparting to the cheese a cooked flavor due to the high heat treatment to 
which the milk for starter was subjected. (3) There was danger of 
obtaining a high acid or starter flavor in the finished cheese. 

Temperatures higher than 72° F. but not higher than approximately 
90° F. shortened the setting time. At 100° F. the time of incubation was 
increased. At 110° F. the Streptococcus lactis organisms did not produce 
enough acid to bring about coagulation. 

These results indicated that the cheese making operations might success- 
fully be shortened without injuring the quality of the cheese. Further 
experiments showed that by using 5 per cent of starter, 3 cc. of rennet per 
1000 pounds of cream and setting at 90° F. it was possible to complete the 
cheese making process in one day. 

The success of these modifications depends upon the exact control, 
either by titration or electrometric measurements, of the acidity of the mix 
at the time of cutting or breaking. A certain development of acid is nec- 
essary to impart to the cheese the characteristic smooth, waxy, consistency. 
When, at the time of cutting, the acidity of the cream is too low, the cheese 
has a tendency to be coarse and grainy. On the other hand, an excessive 
acid development retards the rate of draining and may cause a high-acid 
flavor. The cheese is almost invariably dry and crumbly when the acidity 
of the cream at the time of cutting is less than pH 5.0. When the acidity 
at cutting is greater than pH 4.8, the cheese is usually very smooth in 
texture but acid in flavor. 

The acidity of the mix at cutting influences the loss of fat in the whey. 
Excessive fat losses occurred when the pH was higher than 5.0. These 
losses ranged from 1 to 2 per cent depending upon the acidity of the mix. 
At pH 4.85 or lower the loss of fat in the whey should not exceed one tenth 
of one per cent by. the extraction test. 

M33 . The manufacture of a soft cheese of the Bel Paese type. Robert 
. R. Farrar, Bureau of Dairy Industry, United States Department 
of Agriculture. 

A method of manufacturing a soft cheese of the Italian Bel Paese type 
has been developed. The cheese has a characteristic, mild, clean, lactic 
flavor, a soft and waxy texture, and good slicing and spreading qualities. 

Numerous factors which might be expected to influence the quality of 
the cheese were investigated. It was found that a uniform product of 
high quality resulted when the following factors were closely controlled; 
composition, including percentages of moisture, fat, and salt; kind, activity, 
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and amount of starter; setting temperature; amount of rennet as depen- 
dent upon the coagulability of the milk ; size and firmness of curd particles ; 
rate and amount of drainage and length of drainage period; size, type, 
and shape of forms; temperatures of manufacturing and curing rooms; 
time and method of salting; and time of wrapping. 

The cheese is made from fresh whole milk with the addition of lactic 
starter and rennet. The setting temperature is 40° to 42° C. The ripen- 
ing temperature is 3° to 7° C., the relative humidity 80 to 90 per cent. 
The cheeses are wrapped at about 20 days and are fully cured at 5 to 6 
weeks. Artificial refrigeration is necessary. The yield is about 11 to 14 
per cent. Actual sales have shown a very good consumer demand. 

M3 4. . Experiments with canned cheddar cheese. E. L. Keichart, Uni- 
versity of Nebraska. 

The canning of cheddar cheese and its commercial adaptation was devel- 
oped by L. A. Rogers, H. L. 'Wilson and associates of the U. S. Department of 
Agriculture. The original outline for handling cheese in this manner 
was published in the spring of 1934 and several commercial companies 
have since tried this method of merchandising cheddar cheese. Our ex- 
periments were undertaken in an attempt to determine the desirability of 
using this method under Nebraska conditions. As normal temperatures 
and atmospheric conditions are rather undesirable in this state for proper 
ripening in the average cheese factory, it seemed that the possibility of 
placing the cheese into sealed cans immediately at the time it was made 
and ripening it under controlled temperature conditions in the can would 
afford quite decided advantages. 

The general method of packaging the cheese outlined by H. L. Wilson 
was followed in these experiments. All cheese was made from pasteurized 
whole milk, varying in fat content from 3.3 to 4 per cent. Two per cent 
starter was added to the milk and 3J to 4 ounces of rennet per 1000 pounds 
of milk was used. Otherwise, the method of making was that commonly 
used in making a Wisconsin style cheddar cheese. The curd was pressed 
in a specially built horn-shaped hoop (made by Damrow Brothers), pressed 
for 1 to 2 hours, dressed, and pressed overnight. The cheese was then 
cut in 13-ounce portions, wrapped in parchment paper and canned in a 
specially constructed 12-ounce vented can designed and manufactured by 
the Continental Can Company. These cans were then stored at different 
temperatures to determine the effect of temperature on the ripening of the 
cheese. These cans were examined after 20, 30, 60, and 120 days and 
scored. 

Results. — These results are entirely preliminary, covering a relatively 
small number of batches, but the following results are quite apparent. 
Cheese made from poor-quality milk, placed in cans, and ripened at rela- 
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lively high temperatures (60-70° F.) makes a lower scoring final product 
than when placed in daisies or 5-pound prints and ripened at the usual 
ripening temperatures for these styles. Cheese made from good-quality, 
milk, properly made, canned, and ripened at 60-75° F. will make a materi- 
ally higher scoring cheese after a considerably shorter ripening period than 
cheese ordinarily made in daisies or prints and ripened in the usual man- 
ner. It is quite possible, if a reasonably good supply of milk is available 
and manufacturing methods are reasonably carefully followed, to make 
cheese scoring from 92 to 95 points consistently. Thirty- to forty-day 
ripening periods at 60-70° F. are sufficiently long to produce a satis- 
factorily ripened cheese for ordinary trade demands. This cheese is much 
better ripened than the average longhorn or daisies being marketed in 
this section of the country. Of 32 batches made to date, from milk just 
as it is received daily without any effort being made to select milk more 
carefully than for ordinary cheese making purposes, we find that after 
30 days aging at 70° F., 18 batches scored 92 or over, 5 scored 90 or over, 
and 9 scored under 90. It seems from preliminary trials to be quite pos- 
sible to adapt this method of packing cheese to a number of varieties and 
modifications of ordinary cheddar cheese. The commercial possibilities 
of manufacturing cheese under this method seem to be quite good. 

M35 . The vitamin A content of sour cream, butter, sweet cream butter 
and margarine. I. L. Hathaway and H. P. Davis, University 
of Nebraska. 

Nineteen samples of margarine were obtained from Illinois, Ohio, and 
Nebraska, analyzed chemically, and their vitamin A content compared to 
that of sour cream butter or sweet cream butter. The fat content of the 
butter samples varied from 80.2 to 81.5 per cent while the fat content of 
the margarine samples varied from 78.3 to 89.2 per cent Only two of the 
nineteen samples of margarine contained enough vitamin A to permit the 
rats to grow even when the margarines were fed in amounts ten times as 
great as were the butters. One of these samples caused an average gain 
of ten grams per rat and the other sample an average gain of twenty-four 
grams per rat. From these results it was evident that these samples of 
margarine were very poor sources of vitamin A when compared to butter. 

M36. Technic , examination and reporting extraneous matter in butter . 
B. E Horrall, Purdue University. 

The activity of the Federal Food and Drug Administration demanding 
that butter be clean has led the Dairy Industry to scrutinize butter from 
a different viewpoint than it has heretofore — namely, the extrameous matter 
content. 

The butter manufacturers of Indiana and neighboring states eooperat- 
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ing with the Purdue Dairy Department started a project last August in 
which the manufacturers agreed to send in one or more pounds of butter 
each month for a period of one year. The extraneous matter content of 
700 samples of butter sent in by the cooperators has been analyzed. 
A technic and examination of butter for extraneous matter has been 
developed. 

The method suggested by the Government for filtering butter has been 
modified to meet conditions existing in the sour cream areas. The wide- 
field low -power microscope with 25 x and 75 x magnifications was found 
the best to identify the extraneous matter on the filter paper. The kind, 
source, and angle of light was found to be essential in aiding to find and 
to identify the extraneous matter on the filter pads. 

M37. Notes on the national cream quality imvrovement campaign. M. E. 
Parker, Sealtest System Laboratories, Inc., Cleveland. 

A progress report of the part played by the creamery butter industry 
in the development and furtherance of the National Campaign for Improve- 
ment in the quality of cream supplies used in the manufacture of creamery 
butter. 

M38. Comparative efficiency of electrically operated tanks versus ice in 
the cooling of milk . J. H. Frandsen, Massachusetts State College. 

Whether the tank is of home construction or specially manufactured, 
it is essential that it be of ample capacity; roughly speaking, when filled 
with cans to full capacity, there should still be room for twice as much 
water and ice as milk. 

If the tank is of home construction, there should be at least 3 or 4 
inches of cork or its equivalent, and this of course must be protected 
against moisture. Such insulation saves more than its cost in saved 
refrigeration in one season. 

Electric cooling of milk is entirely practical. The machines we have 
tried are convenient, reliable, and, if well adjusted, economical. We have 
no information as to the probable service cost and annual depreciation 
charge. # 

Electric milk cooling tanks are a distinct labor-saving device and we 
believe that within a comparatively few years nearly all dairymen will 
wish to be equipped with electric devices for cooling milk. 

Results of our experiments would indicate that the water in the tank 
should always be as high as the milk line. This can be accomplished by 
the addition of more water to make up for the absence of cans during the 
time it is run with part load, or the same results can be accomplished by 
providing some arrangement whereby weighted empty cans can be placed 
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in the tank so as to raise the water line to the height of the milk in the cans. 
They are more sanitary than natural ice. 

M39. Frozen brines as refrigerants for ice cream in cabinets and shipping 
containers. H. H. Sommer, University of Wisconsin. 

This brief study was undertaken to assist a manufacturer of ice cream 
delivery truck bodies in the selection of a suitable brine to supply the 
refrigeration. A survey of physico-chemical tables revealed the following 
data with respect to cryohydric points for various salts arranged in the 
order of temperature : 


SALT 

CONCENTRATION 

CRYOH\ I>KIC 

POINT 

Salt 

Water 

°c 

op 

Baa 

22.5 

77.5 

- 7.8 

+17.96 

MnS0 4 

32.2 

67.8 

-10.5 

+13.10 

NajSA 

30.0 

70.0 

-11.0 

+12.20 

KC1 

19.75 

80.25 

-11.1 

+12.02 

K 2 Cr0 4 

36.6 

63.4 

-11.3 

H1.06 

NH 4 C1 

18.6 

81.4 

-15.8 

+ 3.56 

Ca(NO,) 2 

35 

65 

-16.0 

4 3.20 

NH.NO, 

41.2 

58.8 

-17.35 • 

+ 0.77 

NaNO, 

37 

63 

-18.5 

- 1.30 

Sra 

26.0 

74.0 

-18.7 

- 1.66 

(NH 4 ) 2 S0 4 

38.3 

.61.7 

-19.05 

- 2.29 

NaCl 

22.4 

77.6 

-21.2 

- 6.16 

Cu(N0 3 ) 2 

36 

64 

-24.0 

-11.20 

NaBr 

40.3 

59.7 

-28.0 

-18.4 

NaOH 

19 

81 

-28.0 

-18.4 

Mg(NO,)a 

34.6 

65.4 

-29.0 

-20.2 

MgCla 

21.6 

78.4 

-33.6 

-28.48 

K a CO, 

39.5 

60.5 

-36.5 

-33.7 

OaCljj 

29.8 

70.2 

-55.0 

-67.0 


A number of these salts were tested for use in brine cartridges by 
placing the brine in a No. 2 sanitary can. A half inch copper tube (3i 
inches long) was closed at the lower end, the under end was flanged and 
soldered into place through a hole in the can cover. After the co^er had 
been sealed onto the filled can, this arrangement provided a brine car- 
tridge with the copper tube serving as a recess to the approximate center 
of the can for the insertion of a thermometer. After the brine had been 
frozen in a hardening room a suitable thermometer was inserted with alcohol 
used as the conducting medium. The melting curves that were obtained 
for various brines in this manner showed that the zones through which the 
temperature was approximately constant closely approached the cyrohydric 
points as listed above. 



PAPERS PRESENTED AT ANNUAL MEETING 


481 


In these melting tests absolute constancy of temperature was not 
attained as might be expected on the basis of theoretical considerations. 
This is attributed mainly to the lack of agitation, permitting some settling 
out of the precipitated salt from the partially melted brine. Traces of 
impurities may also be partly responsible. 

M40. An experimental ice cream freezing unit. J. I. Keith and C. W. 
Rink, Oklahoma A. & M. College. 

When doing research work on ice cream it is often difficult to do any 
extensive series of freezings under accurately controlled conditions if only 
one freezer is used. Furthermore, a considerable loss is incurred in dis- 
posing of large quantities of ice cream where an adequate market is not 
available. To overcome these difficulties at Oklahoma A. and M. College 
a small freezing unit has been designed. 

This paper describes the construction and operation of the unit which 
consists essentially of four one-gallon freezers set in a brine box. 

The box is built of one-inch cypress wood mortised and glued at the 
joints and held together by outside stay-bolts. The inside dimensions of 
the box are 24"x 24"x 11|". 

Small bevel pinions are substituted for the hand cranks on the freezer 
drive shafts. These are all turned toward the center of the box where 
they are engaged by the same bevel driving gear. Power is furnished by 
a i h. p. motor. 

The brine in the box is siphoned from a large brine tank and overflows 
through an outlet 6" from the bottom of the box. Brine temperature may 
be changed very quickly or may be held constant within a fraction of one 
degree Fahrenheit. 

Any freezer may be placed in the box, started, stopped or removed 
while the others are running. 

Holes are cut in the freezer lids to enable the operator to observe the 
ice cream as it freezes. 

Overrun is measured by a gage without removing ice cream from the 
can. On duplicate batches of the same mix overrun may be controlled to 
within 1 per cent at any specified time interval. 

The total cost of materials and construction of the entire unit was less 
than $100.00. 

M41. Methods for testing condensing pans. L. C. Thomsen, University 
of Wisconsin. 

The chief purpose of this paper is the presentation of a method for 
running tests on a vacuum pan in commercial operation. These tests were 
made on a collandria type, 36-inch diameter stainless steel pan which had 
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a heating area of 40 square feet. Data were collected on seven runs. A 
complete set of data are included in the results. Methods for calculating 
the information in the data table are presented. 

Information obtained indicates the advantages of a vacuum pan for 
removing water from dairy products. 

An efficiency of heat utilization of 92.0 to 98.8 per cent was found. 
The efficiency of the condenser varied from 50.7 to 72.1 per cent. Water 
evaporation per hour per square foot per degree Fahrenheit temperature 
difference varied from 0.244 to 0.493 pounds. The amount of steam based 
on unit evaporation necessary to evaporate one pound of water from milk 
varied from 1.04 to 1.13 pounds. The amount of condensing water per 
pound of vapor from the milk varied from 17.5 to 20.7 pounds. The over- 
all coefficient of heat transfer varied from 248 to 497 B.t.u. 

Other data are also presented. 



EXTENSION SECTION 

El. Revision of record forms for D. H. I. A. work . J. W. Linn, Kansas 
State College. 

A study of answers to a questionnaire sent to every Extension Dairy- 
man listed as in charge of D. H. I. A. work in the various states indicates 
that the Herd Record Book B. D. I. 5 (Revised) lias incorporated most of 
the suggested changes. 

Interest in the simplification of feed records is increasing. There is 
also a trend toward the keeping of more complete herd records that will 
give the total amount of feed consumed by the herd, assist in proving sires, 
and make it possible for the tester to render services heretofore impossible. 

A permanent herd record book is being used in a few states. This 
assists in proving sires, and in studying the efficiency of individual cows 
and the breeding efficiency of the herd. The development of a uniform 
permanent herd record book should undoubtedly be the next step in 
improving D. H. I. work. 

E5. A yearly association program . A. B. Nystrom, Bureau of Dairy 
Industry, U. S. Department of Agriculture. 

Every dairy herd-improvement association should have a definite pro- 
gram of work to follow each year for the benefit of members, testers, and 
the county agent. This program should show what is to be done, how, and 
by whom it is to be done, and when the work must be finished. This will 
insure a larger volume of work each day, month, and year. The needs of 
the farmers and their willingness to cooperate must determine how exten- 
sive the program should be. But even the simplest program should be 
carefully planned to obtain maximum results in its execution. 

The kind of program to undertake should be determined by a survey. 
One type of survey form is presented. This can be simple or elaborate to 
suit the needs and capabilities of the tester and members. In no case, 
however, will a verbal survey suffice. A record must be made of condi- 
tions found and filed for later reference. The survey should first of all 
include questions on matters pertaining to the dairy herd, its breeding and 
management, number and kinds of animals. It might also include state- 
ments about the buildings, the cropping system, condition of land as 
regards fertility, and the farmer’s interest in cash crops. 

A tester or an association will accomplish more by marking down a 
definite goal to be reached during the month and year. The goal should 
be possible of attainment, yet high enough to require extra effort to reach. 
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A list of 43 possible goals is given. It is not presumed that any associ- 
ation would attempt to reach more than a few of these goals in any given 
year, but there is sufficient variation in the list to suggest goals that will 
touch all phases of the farm enterprise. A suggested plan of work for a 
sample association with goals and calendar of work is also presented. 


WHO WOULD BENEFIT 

The greatest benefit from such a program would come to the members 
of the association. But all of the farmers in the neighborhood would bene- 
fit through the meetings, tours and exhibits held by association members 
to which everyone in the community would be invited. Dairy herd-im- 
provement association work should be so planned and conducted as to make 
each member of the association a demonstrator of some good practices for 
the benefit of others, as well as himself. 

The tester would be benefited by the program, because he would be able 
to plan his work more systematically and to get more work done during 
the year. If he anticipates reaching a definite goal by a certain date, he 
becomes more enthusiastic about the work he is doing and this tends to 
lighten his burden. 

The county agent would benefit through having a definite check on what 
is going on in his county. He should welcome the plan because it will 
make it possible for him to carry out with least effort a well rounded dairy 
program, based on the actual needs of the farmers. 


E9. Five-session dairy feeding school. C. L. Blackman, Ohio State 
University. 


PURPOSE 


As the name suggests, this school is divided into five sessions and deals 
primarily with dairy feeding problems. It is designed also to stimulate 
a broad interest in the science of dairying and to show the importance of 
this enterprise to human welfare. 

An effort is made not only to give as much fundamental science as seems 
necessary but to briefly trace its development in order to acquaint farmers 
with the fact that our knowledge is constantly changing. This is done in 
the hope that farmers will not only be more receptive to new facts but also 
be on the lookout for them. 

An outline of each discussion is furnished to those attending the school. 
This makes it possible for the instructor to cover more material and gives 
those attending something which they may use for study between meetings. 

The general plan is to hold one session each week in a county, at the 
same time and place, over a period pf five weeks. A good proportion of 
those attending the school are present at all five meetings. 
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SUBJECT MATTER 

Lesson I deals briefly with the early history of dairying and the intro- 
duction of cattle into this country. This lesson also deals with the early 
and recent discoveries and investigations which brought about dairy 
progress. Some facts are given as to the relative importance of dairying 
in the nation and state. 

The last part of the lesson deals with investigations which show that 
high production is necessary for economical production. 

Lesson II gives the reason for the guaranteed analyses of feeds and 
explains briefly how such analyses are made. It illustrates the meaning 
of digestible nutrients by giving the data from a digestion trial. This 
lesson also explains the methods of absorption and the use to which the 
various nutrients are put. 

Lesson III deals with characteristics of a desirable ration, explaining 
the reason for these requirements by reference to specific experiments. 
Much of this lesson is devoted to a discussion of the common feeds and 
their particular characteristics. Special emphasis is placed on the value 
of high quality roughage and considerable information is given on how to 
produce good roughage. (The Agronomy Dept, of the 0. S. V. has co- 
operated in furnishing much of these data.) Hay and grain samples are 
used as demonstration material during this discussion. 

Lesson IV deals with the development of feeding standards and 
explains their value in formulating rations. This lesson is supplemented 
by a bulletin on the general subject of dairy cattle feeding. 

Much of the fourth discussion is devoted to the actually balancing of 
rations for members. Members are assisted in making their own calcu- 
lations. It is hoped that after this lesson those attending may be able to 
calculate rations themselves. 

Lesson V is something of a review of previous lessons and an applica- 
tion of what has been previously discussed to practical problems of feeding 
the dry cow, the calf, and the cow in heavy milk. Some time is also 
devoted to the subject of management as it relates to the control and 
elimination of the common diseases, such as tuberculosis, abortion, mastitis, 
milk fever, etc. The brom thymol blue test is demonstrated at this meeting. 

The five-session feeding school has given a great opportunity to get 
better acquainted with many dairymen and their problems. It furnishes 
a means of giving more technical information than would otherwise be 
possible. Occasionally farmers change practices during the course and 
report results. These reports are the basis for some stimulating discussions. 

Schools of this character could be improved and made more interesting 
by using more demonstration material. 
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E12. Making dairymen out of 4-H club members. Dwight M. Seath, 
Kansas State College. 

State extension programs, for the most part, have failed to make dairy- 
men of 4-H members enrolled in dairy projects. 

Much of this is due to an over-emphasis of the less essential feature of 
the program. Too much stress has been placed on the phase which deals 
with the type of dairy animals, while too little attention has been given to 
the teaching of principles which deal with the science of breeding, feeding, 
and management of profitable dairy herds. 

One method of lessening the emphasis on type in the showing of 4-H 
Club calves is to award the club members, for their skill in fitting and 
showing, premiums equal to those made for the excellence of the club 
animals they exhibit. 

More stress also needs to be given to the third-year dairy club work. 
Definite premiums, preferably in the form of educational trips or scholar- 
ships, to those who excell in the application of sound dairy practices in the 
handling and the keeping of records on the producing cow will help stimu- 
late this program. 

There is a need for more junior projects which deal with breeding 
better dairy cattle. Junior bull clubs, which are being used in a few 
states, have partially filled the need. Such work needs to be popularized 
so that there will be an equal chance for recognized achievement in this 
field as in other phases of dairy club “work. The same is true of projects 
pertaining to record keeping and the management of dairy farms. 

E13. Listing cow testing association proved sires and permanent herd 
records. Earl N. Shultz, Iowa State College. 

The publishing of data for sires proved by means of cow testing associa- 
tion records is a problem which has confronted Extension Dairymen in 
recent years. To be of the greatest value the information in the daughter 
and dam comparisons should be available not only to the owner of the 
hire proved but to all dairymen interested in improving their herds by 
intelligent breeding methods. The amount of work required of the tester 
in securing the information should also be considered, as there is a limit 
to what can be expected of these men. 

Breed associations and several states have published proved sire data, 
but each one has followed a different plan. The object of this study was 
to consider the various plans and offer recommendations as to the data 
which should be published. 

A questionnaire was sent to all extension specialists in charge of cow 
testing associations and dairy cattle breeding work of the various states 
to get what these men thought most important in the publishing of sire 
data. 
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From the results of the study of the various plans and the replies to 
the questionnaires, the following recommendations were made: 

The list should include the name and number of all sires with 5 or 
more unselected, tested daughters from tested dams. The date of birth 
of the sire should be listed, the name of his owner and address, the date 
proved and whether alive or dead when proved. The production records 
calculated to maturity should be reported for — 

1. All daughters with lactation records. 

2. All daughters with lactation records which can be compared with 
the records of their dams. 

3. All dams of above daughters. 

The average increase or decrease should also be given, but no index 
calculated. With the information at hand, any preferred index can be 
calculated. 

PERMANENT IIERD RECORDS 

Cow testing association members who have tested continuously for a 
number of years find that the information contained in a half dozen or 
more herd books is not easy to use. A compact, readily available, loose- 
leaf permanent record system is in demand by these dairymen. Several 
states have started such a system. 

A study of various types of permanent herd records was made and a 
suggested form prepared. This form was a loose-leaf system on sheets 
8£" x 11" in size. Information for each cow, such as her production, 
reproduction, health and records of her progeny, is to be listed on one 
sheet. For such a record system to be workable, some scheme of identifying 
the animals in the herd is necessary, such as by ear tags or tattoo marks. 

E 15 . Analysis of dairy herd improvement association proved sire records. 

E. J. Perry, State University of New Jersey. 

The Bureau of Dairy Industry is making a valuable contribution to the 
Better Sires Program of the country through the tabulations which are now 
being prepared with such dispatch. The data recorded on the sheets re- 
turned to the state colleges are splendid but considerably more information 
is needed if worthy proved sires and their offspring, particularly the sons, 
ore to create the interest which they merit. These additional facts must 
be gathered by the testers and state extension men and used along with 
the figures from the Bureau before the sires can be fully appraised. 

Many factors may enter into the average production of a set of 
daughters. Were any culled or sold for milkers in the proving period? 
How many records were made, and which ones were used? This question 
has particular reference to the dams since most bulls are proved by the 
2-year-old lactation record of the daughters. What is the bull’s index? 
What were the health conditions when the records of the daughters and 
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dams were made? Did a change in feeding methods or other environ- 
mental factors play a part? What kind of type is the bull siring? These 
are the questions that are being asked about proved sires today. Are we 
able to answer them satisfactorily? 

The sire proving program should be a step in the larger program of 
cooperative breeding. At present most of the sires that are being proved 
are owned by individuals. It seems very difficult to arrange for an 
exchange of sires where there is no joint ownership. When the health 
program of a group of herds is on the same basis bull associations or 
breeding circles are the practical solution to the problem of extending 
the usefulness of good proved sires. More data are needed on the results 
secured over a period of j^ears by proved sires and by well-managed bull 
associations. Denmark has such data which show that the average produc- 
tion of the herds that have been enrolled in both the Breeding Societies 
and Cow testing associations over a period of 30 years is 23 per cent higher 
than the production of those herds that have been in testing associations 
but not in bull associations (Breeding Societies). Figures of like character 
are needed from our bull associations and from herds where meritorious 
sires have been identified through the performance of their daughters. 
Data such as this should be presented periodically to all who are enrolled 
in the sire project. They should be urged to keep a permanent herd 
record book. 

Howr best to secure this needed supplementary information rests with 
the extension service of each state but it is highly desirable that the 
methods and results be as nearly uniform as possible. 

E16. Sons of proved sires. D. L. Fourt, University of Idaho. 

It is a recognized fact that the use of meritorious proved sires is the 
surest method of improving dairy herds through breeding. Unfortunately 
the number of meritorious proved sires is limited. 

Preliminary studies indicate that sous of meritorious proved sires can 
be used with greater assurance of success than sons of untried sires. 

Records indicate that less than one-half of all sires increase production, 
while preliminary studies of Idaho records indicate that approximately two- 
thirds of the sons of meritorious proved sires increase production. 

The use of sons of meritorious proved sires should be emphasized to 
a greater extent in the dairy extension program. Continuous herd testing 
is essential. Young bulls should be selected on the transmitting ability 
of their sires and dams rather than on the producing ability of the dams. 
Proper interpretation of pedigrees should be emphasized, and padded 
pedigrees deflated. The adoption of pedigrees showing the transmitting 
ability of sires and dams should be encouraged. 
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E17. Standardized lactation records for reporting dam and daughter 
comparisons in D. H. I. A. J. F. Kendrick, Bureau of Dairy 
Industry, U. S. D. A. 

The type of lactation record to use in dairy herd-improvement associa- 
tions as a basis for selecting cows and evaluating the transmitting ability 
of sires has been given considerable attention during recent years. Investi- 
gators generally agree that the type of record which has high repeatability 
is the best measure of the production capacity of the cow. 

Variation found in lactation records may be largely attributed to six 
general causes: (1) Differences in management and feeding, (2) differences 
in length of lactation periods, (3) differences in number of times cow is 
milked each day, (4) differences in the degree of influence of gestation, 
(5) differences in ages, and (6) differences in inheritance of cows. 

It is impractical if not impossible at the present time to correct for 
variations caused by differences in management and feeding and in the 
inheritance of cows. As a result of this study, a standardized 303-day 
M. E. (mature equivalent) record has been devised to correct for variation 
caused by differences in length of lactation periods, differences in number 
of times cow is milked each day, differences in the influence of gestation 
and differences in age. The standardized 305-day M. E. record has higher 
repeatability than lactation records consisting of the first 305 days 7 or 
the first 365 days* production. 

The standardized 305-day M. E. record will measure production ca- 
pacity and evaluate the transmitting ability of sires with greater accuracy 
than has heretofore been possible. 



PROBLEMS AND METHODS OP INSTRUCTION 


11. A basic curriculum for an agricultural college . H. P. Davis, Uni- 
versity of Nebraska. 

OBJECTIVES 

A curriculum to function satisfactorily must be built upon the carefully 
worked out ideals and purposes of the college as determined by the faculty. 
These objectives cover four divisions, namely, cultural, physical, moral, 
and professional and may be summarized as follows: To provide a broad 
general education so as to help students understand their environment 
and appreciate the broad field of human knowledge and at the same time 
develop their personalities ; to teach a sound appreciation of health and its 
maintenance ; to inculcate an understanding of moral and ethical principles ; 
and to insure adequate professional training in agricultural science. All 
these objectives having as their purpose the training of an educated, right 
thinking, independent and useful citizen. 

COURSE SELECTION 

A curriculum should be built up by the faculty to insure the carrying 
out of the objectives by testing each part of each course. Courses are 
divided into required and elective. In general, the required courses are 
designed to give a survey of the field and the orientation of that field to 
other subjects. 

REQUIRED COURSES 

The required courses insure that the student has had a broad back- 
ground before being allowed to specialize in a particular field. 


Kind of Course 


Semester Credits 

English — 4 courses 


10 

Orientation 


1 

Physical Education — 2 courses 


2 

•Military Science — 4 courses 


4 

Biological Sciences 


13 

General Biology 

4 


General Botany 

3 


General Zoology 

3 


General Bacteriology 

3 


Physical and Exact Sciences 


12* 

Chemistry — 2 courses 

8 


Physics 

2 


Mathematics 

* Prescribed by the Board of Regents. 

2 


# At the TXtiiyeraity of Nebraska, only 

8 credits in chemistry are required. 
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Kind of Course 
Social Sciences 

Political Science 
Economics— 2 courses 
Psychology or Sociology 
Agricultural Sciences — survey courses 
Agricultural Engineering 
Agronomy — 2 courses (soils & crops) 
Animal Husbandry 
Dairy Husbandry 
Entomology 
Horticulture 
Poultry Husbandry 
Rural Economics 
Vocational Education 
Agricultural Sciences — elective 


Semester Credits 


3 

6 

3 

3 

6 

3 

3 

3 

3 

2 

3 

2 


12 

28 


12 


Total 


94 


ELECTIVE COURSES 

A total of 40 credits are required in agricultural sciences of which 12 
may be elective. Thus out of 123 credits, 82 are fixed courses, 12 are 
electives in agricultural science and the balance may be selected in any 
course in the university. 


12 . Certain suggestions for a course of study for those majoring in dairy 
industry. J. II. Frandsen, Massachusetts State College. 

(No abstract submitted.) 

IS. Building a course in dairy husbandry. H. P. Davis, University of 
Nebraska. 

The building of a course in Dairy Husbandry involves many problems 
for the instructor and a thorough understanding and appreciation of the 
ideals back of the college curriculum. Study must be made of the position 
of the proposed course in the curriculum, as for instance, whether it ap- 
pears the first year or at some later time. The complexity of the course 
and the subject matter presented will depend to a considerable extent upon 
when the proposed course is given. 

Courses may be divided into four general types, namely, (1) survey, 
(2) basic principles, (3) factual information, and (4) development of 
skills and techniques. Any particular course may represent one or any 
combination of two or more. The question of whether the course is to be 
requited and for what class of students must also be settled. A required 
course, if the only one required in a department, will be of a different 
make-up than if it is the first of two or more required courses. Required 
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courses for the general student body should be of a different character 
than those required for a professional group. A required course for all 
students given the first year would likely be largely of a survey character, 
vrhile a required course for Dairy Husbandry majors in the junior year, 
for example, would be more factual, present mdre basic principles and 
probably attempt to teach skills and techniques. In general, elective 
courses will be designed to have a student appeal. 

The type of instruction or method of presentation has a marked effect 
upon the construction of the course, and a choice of methods must be made 
before the actual start is made. The first procedure is to formulate the 
objectives. These should be both inclusive and exclusive and should be 
Ihe criteria for measuring material to be presented. The material bearing 
on the subject is next surveyed and that part eliminated that does not 
carry out the objectives. The next step is the division of the material into 
class periods and the making of such adjustments as are necessary. With 
the course material roughly allocated to class periods, then the class period 
or laboratory outline is prepared for each class meeting This outline 
clearly states the purpose or purposes to be accomplished, asks significant 
questions, and gives the references. Finally, each outline is checked with 
other courses both within and without the department to determine if there 
is duplication. A successful course depends to a large extent upon logical 
methods of preparation, which will likely insure proper balance and 
integration. 

14. Frequent quizzes in teaching dairy elements. E. L. Fouts and J. I. 

Keith, Oklahoma A. and M. College. 

Teaching the elements of dairying to classes of over one hundred 
students, made up chiefly of freshmen, presents one of the most difficult 
problems found in the teaching schedule of the instructor in dairying. 
The instructor is obliged to teach the students how to study, to emphasize 
the need for study and to leave with the students some knowledge of the 
subject of dairying. 

Observations taken during the presentation of dairy elements over a 
period of ten years have led the writers to draw the following conclusions: 

A text-book is absolutely essential for this type of course. 

A ten minute written quiz at the beginning of practically every theory 
period encourages systematic study and promotes interest in the subject. 

Prompt return of graded papers and the immediate posting of all daily 
grades on a bulletin board creates unusual interest and acts as an incentive 
for the poorer students to improve their standing. 

The entire course should be planned in advance of the first meeting 
of the class and the sequence of the work in lecture and laboratory given 
careful consideration. 
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The use of many exhibits and demonstrations illustrating important 
points has been found to add interest and to aid in teaching the subject 
to the best advantage. 

Maintaining the interest of the students in the work being given is the 
keynote of success in teaching this type of course. 

15. Adjusting dairy instruction to the m<ds of the state. C. E. Wylie, 
University of Tennessee 

The dairy instruction program in any slate university should be related 
to the conditions in the state and the needs of its students. 

CONDITIONS IN STATE — TENNESSEE 

I. Cattle. 

1. Ninety-three per cent purebred dairy cattle are Jerseys. 

2. Ninety-five per cent of grade dairy cattle are Jerseys. 

3. The average test of milk is 4 4 per cent fat. 

4. Less than \ of 1 per cent of cattle tested react to T. B. 

II. Climate 

1. Annual rainfall GO inches. 

2. Many large springs, 58 -60° F 

3. Long growing and grazing seasons. 

4. Outdoor comfort. 

III. Marketing products— Diversified. 

1. Thirty-one per cent market milk 

2. Forty-three per cent cream for creamery butter. 

3. Twenty-five per cent milk for manufacturing purposes. 

4. Farm butter — not included above. 

IV. Students. 

1. Large percentage live on farms. 

2. Many have some dairy farm experience. 

3. Few have manufacturing experience. 

V. Program and policy. 

Not to increase the number of cattle or dainmen but to improve 
quality of products and the efficiency of producing them. 

VI. Demand for trained men. 

Type of positions available. 

INSTRUCTION 

I, Cattle — 4 herds. 

1. College — Registered Jerseys and Holsteins for instruction, demon- 

stration, and research. 

2. Junior College — Registered Jerseys for instruction and demon- 

stration. 
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3. Two sub-stations — Registered Jerseys for experimental and 
demonstration purposes. 

College Creamery. 

1. Milk and cream purchased from over 200 dairymen. 

2. Products — creamery butter, ice cream, cultured milks, chocolate 
milk, pasteurized and raw milk, cottage, American and cream 
cheese. 

3. Labor — mostly students. 

Courses and instruction. 

1. Four-year course in agriculture, specializing in dairying. 

2. Four-year cooperative course — students alternating by terms 
working and going to school. 

3. Short Course — for experienced persons making a life-work of 
dairying. 

a. Dairy farmers. 

b. Dairy manufacturing workers. 

c. Vocational teachers. 

d. Nutrition and health workers. 

4. One year dairy course. 

Less than college grade and no college credit. 

5. Graduate students. 

J6. The integrated course of study in agriculture. A. M. Field, Uni- 
versity of Minnesota. 

The primary objective for teaching agriculture in the secondary schools 
is to provide rural youth with the knowledges, skills, attitudes, and habits 
most needed for farming and rural life in a modern era. The agriculture 
course is based on the interests and needs of the students and it is regarded 
as an integral part of their farm life. 

Agriculture as a mode of life is made up of a series of inter-related 
activities which together constitute the total pattern of successful faming. 
The former plan of teaching crops, animal husbandry, soils, mechanics and 
farm management in separate yearly units has given way to an integrated 
course of study. The program for instruction in agriculture is organized 
the way a farmer farms. The course of study is regarded as a continuous 
program of planning, study, and instruction extending over throe o r more 
years. The problems of the home farms serve as the basis for determining 
content. The problems for each year are selected on the basis of the inter- 
ests, abilities and needs of the students. The subject matter is developed 
on the enterprise basis and is arranged to progress in sequence of dffifBeulty 
within the enterprise as the students pass from one year to the nett and 
as they gain in maturity, experience and power of understanding. Indi- 
vidualized instruction and practical application on the home farms are 
important features of the teaching plan. 
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ABSTRACTS OF PAPERS PRESENTED AT ANNUAL MEET- 
ING, SUPPLEMENTARY TO JULY NUMBER 

E3. Farm Account Work Through D. H. 7. A. Testing. A. J. Cramer, 
Wisconsin College of Agriculture. 

Wisconsin dairymen in Dairy Herd Improvement Association work have 
made farm account record keeping play a big part in building their farm 
income the past three years. No matter how good a dairy may be it 
cannot make up for the losses caused by poor crop production. 

The farm account records call for — 

1. Inventories of land, buildings, machinery, livestock, feeds, and mis- 
cellaneous supplies, taken at beginning and end of* the year. 

2. All farm expenses and receipts. 

3. Production records of crops and livestock crop acre yields and the 
production of different classes of livestock. 

Most testers spend 20-30 minutes each mouth with a member helping 
him to make entries in his farm account record book. 

The problems which must be met are: 

3. The records too often are not finished when sent in. 

2. Some testers are not farm management minded. 

3. Some inaccuracies in keeping records were found. 

4. The new simplified book has encouraged many farmers to keep farm 
account records with their dairy herd records. 

In 1932, there were 157 members completing books in 45 associations. 
Now there are 2,048 books being kept with the help of 81 testers. This 
is a 1200% increase over the first year the work was started. 

Six of the most important factors on dairy farms of Wisconsin are: 

1. Number of crop acres. 4. Per cent of crop land in 

alfalfa. 

2. Production of butterfat per 5. Livestock returns per $1.00 

cow r . worth of feed used. 

3. Crop yields per acre. 6. Diversity of farm income. 

Wisconsin Farm Accounts Records were first kept in 1920 with one 
tester named* Donald Mitchell in Waukesha County, and in 1922 with a 
second tester named Nander Nelson in Washington County, and in 1929 
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with a group of 5 testers all in Pierce County who kept records on 101 
farms. Then in 1932 a special effort was made by our present Dean 
Christensen of the College of Agriculture who appointed a committee to 
consider the advisability of combining the functions of the two units of 
the Farm Management Department and the Dairy Records Department. 
The result was the office of Farm Accounts and Dairy Records. We are 
now starting the third year of record work with this combined office. 

The first farm account record book which is discarded had a page- 
distribution of items by enterprises. This included inventories, purchases, 
sales, breeding records and management records, bills payable and receiv- 
able, all labor costs, feed crop costs, personal and household expenses, 
products supplied the family from the farm, etc. There were so many 
records that it confused the farmer and he did not wish to keep it . 

The new book is put up in the form of a column distribution of receipts 
and expenses, with inventories and crop production records at one place 
in the book. We have left out half of the forms which were in the older 
book. 

Concerning the office set-up, there are four specialists for the dairy 
work and two for the farm management work. There is one full-time 
clerk who works on the records while 5 other clerks help where work is 
to be done. 

The record books are supplied to the cooperators (D. H. I. A. members) 
free of charge by the College of Agriculture; other people are charged 
10 cents a copy. 

The testers are given training along farm management lines each year 
through their short course training and through one or two 3-day schools. 
These schools familiarize the tester with the possible results to be obtained 
in keeping farm account records. Usually one day is spent going over 
the account book with the testers showing them how items are entered. 
Each tester, when hired, understands that his work consists of helping with 
the dairy records, and in keeping the complete record of farm income and 
expenses. 

The tester knows that the success of his testing work hinges around 
increased income to the dairyman. Often the tester can help find and 
remedy the weak places in the farm business where records are available. 
The extension specialists spend time with the tester helping him with the 
farm account record work. 

We have started most of the books after crops are harvested, after 
October 1 to April 1. The books are usually started at the beginning of 
the association year so they may be closed when the herd records are com- 
pleted. We plan to get the books back to the farmers before spring work 
starts. They can think over the suggestions made and make changes in 
their cropping system for the next year. 
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The question often raised concerns the ability of the tester to carry on 
both lines of record work. I think our testers are doing as much D. H. I. A. 
record keeping as testers in other states with additional Farm Account 
records to be kept. 

With the identification of all animals, the breeding and production 
records necessary to get daughter-dam comparisons, etc., this farm account 
work is the easiest work the tester is carrying. Jf testers are keeping the 
farm account records on the farm, the monthly feed records for the indi- 
vidual cows may be omitted, because we will get from the farm record 
book the feed* efficiency figure which has been used more effectively than 
have the feed records obtained in connection with the dairy herd work 
alone. Usually the dairyman culls more on production than on feed effi- 
ciency of his cows. 

We are looking for a better class of tester than we have in the past. 
Usually the tester who has kept up his herd records also does a good job 
with his farm account records. 

The farm account record is voluntary on the part of the farmer. Some 
farmers prefer to keep their own records. Some farmers are requesting 
this work as time goes on so that the need for testers trained along farm 
management lines is increasing rather than decreasing. 

E8. County fading programs. H. R. Searles, Minnesota College of 
Agriculture. 

Our extension program is being developed more and more around pro- 
grams developed by groups of interested people in the counties with the 
assistance of the county agents and extension workers. 

Because dairying is the most important farm enterprise in many of 
our Minnesota counties, there developed a desire on the part of a few 
counties to form a county dairy committee to study the needs of the 
county, and to formulate a county dairy program. 

The committees as they have developed are made up of representatives 
of every active organization in the county, both farmers and business men. 
In most cases the members were elected or appointed by the organization 
that they represented. 

This county committee of 30 to 40 men spend about two days with 
the county agent and extension dairyman in making up their program 
with a sub-committee in charge of each project. 

The following projects are representative : Sires and Breeding, Testing, 
Marketing, Consumption, Disease Control, Crops and Feeding. 

These committees give the county agent a working group to take over 
the leadership in developing a program on their project. 

Several of the sub-committees have been very active and have added 
tremendously to the effectiveness of the county programs. They have 
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assisted in maintaining cow testing associations, in better bull placement 
and exchanges, in surveys of consumption and advertising campaigns for 
increasing consumption of dairy products ; have held meetings and helped 
with the alfalfa and better pasture problems. 

What place they will occupy in the future we do not know, but they 
should prove a real factor in developing a local dairy extension program. 

E10. Record Keeping and Reporting m 4-H Dairy Club Work . It. G. 

Connelly, Virginia Polytechnic Institute. 

Where judiciously administered, 4-H dairy club record keeping and 
reporting will provide an effective extension method for teaching rural 
boys and girls improved methods of dairy management. 

Since 4-H dairy club work is a specialized educational enterprise for 
rural youth, a system of record keeping on the projects seems essential to 
the success of that enterprise. Such a system should provide technical 
dairy instruction ; it should instill a scientific, as well as a business, attitude 
in rural youth towards the problems of dairying; it should provide for 
experience in intelligent dairy management ; and finally, it should provide 
club members and others a basis for measuring project progress and 
improving dairy farm practices. 

The purposes and applicability of 4-H dairy record keeping and report- 
ing systems are manifold and extensive. They may serve in developing 
general extension programs in new communities; they have served as a 
mainstay in support of established extension programs, when the welfare 
of those programs was in the balance. 

Any dairy record keeping and reporting system should not serve only 
as a basis for making 4-H club awards. It should be a means of developing 
purposeful dairy teaching matter on a simple plan, pertinent to the club 
members project. Furthermore, it should serve to improve dairy methods 
and the standards of rural living. 

The records essential to the development of any 4-H dairy project 
should be classified to make record keeping and reporting easy. Names of 
animals, their breed, birth dates, pedigrees, etc., are semi-permanent records 
and should be reported once at the beginning of the project. Records 
concerned with yearly inventories on all animals, breeding dates, calving, 
feed consumption, growth, milk and butterfat production, and cost accounts 
change continuously, and therefore provision should be made in the state 
extension office for collecting and filing these records, since they should 
be basically important in developing the 4-H dairy teaching program. 

Under proper cooperative conditions a 4-H dairy record keeping and 
reporting system may be adapted to fit the extension time and personnel 
in most any state and still yield worth while results. At present there 
are at least three general 4-H dairy record systems in effect. The first 
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and least involved is that in which the chib member furnishes the essential 
data on himself and his club animal for entering a 4-H dairy project. 
He then submits to his county agent or club leader a yearly record on his 
project at the close of the project year. This system, though receiving 
rather limited supervision, has served to open the way for other more 
comprehensive record keeping systems. 

A second system requires the club member to keep a complete yearly 
record book on his project which he submits along with a yearly achieve- 
ment report to one of the local or state extension workers for a rating. 
Usually the local leader or county agricultural agent or club agent inspect 
the book during the progress of the project and make suggestions, but the 
responsibility for keeping the record up-to-date rests squarely on the club 
member. 

A third, rather intensive system requires the club member to keep a 
yearly record book similar to the present Dairy Herd Improvement Asso- 
ciation herd book. Monthly record reports are also required. At the end 
of the year the record books are collected, inspected and rated as a basis 
for making awards and planning the 4-II dairy extension program. In 
this system the relationship between the club member and extension service 
becomes more intimate than in the other systems, since closer supervision 
is necessary to make, the system function. This system has yielded excellent 
results in several states. 

If the purpose of 4-H dairy record keeping and reporting are to be 
served, the records must be carefully analyzed and used in the 4-H teaching 
program. The methods of analyzing and using club record information 
will depend upon the facts needed in the teaching program. Usually a 
simple summary of the records, with a computation of averages for compara- 
tive purposes, will be enough to direct the club member's attention to his 
project accomplishments. 

Where monthly records are received they may be used effectively in 
developing 4-H dairy project interest or they may be sent in a monthly 
4-H club letter to the club member. Honor Kolls supplemented with 
timely subject matter have proved particularly effective in at least one 
state. 

In any event all the yearly 4-H records should be collected, inspected 
and officially acknowledged. Each club member should also receive from 
the state extension office a tactfully prepared letter with regard to his year's 
record work to give encouragement and at the same time to call his atten- 
tion to points of improvement. Certificates of achievement might be issued 
as an acknowledgment of satisfactory project completion and the fact that 
the club member has qualified to proceed t othe next higher 4-H project, 
towards the ultimate fulfillment of the state 4-H dairy extension program. 
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E18-E22 . Report of the Quality Improvement and Product Consumption 
Committee . 

Committee members : A. J. Mann, Connecticut ; C. A. Hutton, Tennessee ; 
Fred Abbott, California; E. C. Scheidenhelm, Nebraska; A. C. Baltzer, 
Michigan, Chairman. 

A questionnaire of 14 questions pertaining to (a) quality milk and 
cream production and (b) consumption of dairy products by producers and 
consumers was sent by the committee members to each state. Forty-two 
replies were returned. In general the dairy department of each state 
agricultural college w’as responsible for the replies received. 

There was a unanimous opinion that the quality of both raw and finished 
dairy products has improved in tht past few years. 

The changes effected in quality cream production include the following : 

First, a gradual decrease in the number of cream stations; second, the 
cream stations now operating are tending to improve the sanitary condi- 
tions of the stations; third, a higher per cent of low acid cream is being 
received; fourth, cream sediment testing is increasing; fifth, the time of 
cream deliveries is shortening; sixth, refrigeration as an aid in quality 
production is growing. 

Payment for cream by quality grade is practiced generally in the 
Pacific coast states and inclined to become a more general practice in 
the middle west. Very few if any cream stations are operating in the 
Pacific coast states. 

The activities of the federal government during recent months resulting 
in the confiscation of butter containing extraneous matter has been the spur 
to improve the quality of dairy products in the majority of states. This 
has not burdened the producer with more expensive equipment according 
to the answers and in only a few instances has confiscation barred some pro- 
ducers from marketing products. The unanimous opinion of the states was 
that it has not had any unfavorable consumption reaction. The majority 
of the states report that some dairy products have been condemned but the 
percentage is less than 1 per cent. 

A decided change is occurring in the states in regard to the standard 
of fluid milk offered for sale. It is improving in healthfulness; first, by 
reducing the incidence of cattle disease — removing T. B., Bang’s and 
mastitis’ reactors; and second, in quality by stepping up of the cooling 
requirements and sanitary conditions under which milk is being produced. 
The highest quality fluid milk requirements are found first, in the eastern 
section of the country; second, in the Pacific coast regions. Milk is not 
sold by quality grade, but largely by butterfat content, according to the 
report from these states. 

Now to summarize the quality phase of this report, the committee 
wishes to express the opinion that, first, quality cream production increases 



PAPERS PRESENTED AT TIIE ANNUAL MEETING 


501 


as the cream stations decrease in prominence. More frequent delivery, 
lower acidity cream, cream more free of sediment, cream with a more 
desirable butterfat. content, and a slightly growing tendency for payment 
according to quality, are all factors tending to enhance quality cream 
production and diminish the importance of the cream station. 

Second, the efforts of the department of pure food and drugs * drive 
to remove from consumption channels, dairy products containing extrane- 
ous matter, has served a good purpose. The amount of product confiscated 
is minor but the psychology of enforcement of existing laws has had a 
good effect. 

Third, wholesome cooperation by the producer tending to improve the 
health standards of his herd is lending itself to a higher standard quality 
product. 

Fourth, there has been a growing tendency for municipalities to, first, 
revise and bring up to date their milk ordinances, and second, for munici- 
palities in the past without such ordinances, to make use of stronger milk 
ordinances and adopt in many cases the United States Public Health Milk 
Ordinance for the improvement of the local milk supply. 

The questionnaires bring out, fifth, a decided need for enforcement 
of the laws pertaining both to milk and cream production. It is not the 
sense of the questionnaires that more laws are needed but that stricter 
enforcement will be helpful. 

The second part of our report concerns itself with the problem of 
dairy product, consumption. The substance of our questionnaire points 
out a decided lack of, first, information and second, any organized effort 
by agencies within the states to enlarge the consumer purchasing and 
producer consumption of milk and dairy products. The Pacific coast states 
again seem to lead the country in this regard. The dairy council activities 
in this region and similar activities along the Atlantic seaboard states are 
outstandng. 

In making recommendations designed to get sustained and enlarged 
consumption of dairy products by consumers, the most commonly recom- 
mended means are advertising and education. 

To summarize the results of this part of our report it is the sense 
of this committee that a fertile field exists to enlarge consumption of milk 
and dairy products, first, among producers themselves; second, that con- 
sumers will respond and enlarge the consumption of dairy products by 
emphasizing health values, safety, economy, and flavor and quality. 




THE BACTERIOLOGY OF SWISS CHEESE 


III. THE RELATION OF ACIDITY OF STARTERS AND OF pH OF 
THE INTERIOR OF SWISS CHEESES TO 
QUALITY OF CHEESES 

W. C. FRAZIER,* W. T. JOHNSON, JR., F. R. EVANS, and G. A. RAMSDELL 
Research Laboratories, Bureau of Dairy Industry, Washington, D . C., 
and Grove City, Pa. 

It has been shown in the preceding paper of this series 1 that Strepto- 
coccus thermophilus is active in carrying on a lactic acid fermentation 
during the first few hours that Swiss cheese is in the press and that Lacto- 
bacillus helvcticus or a similar lactobacillus subsequently continues the 
fermentation. The pH values of the interior of the cheese have been used 
as indication of the progress of the fermentation and in particular of the 
effectiveness of the two kinds of starter bacteria, the lactic streptococci and 
the lactobacilli. 

Most of the results included in the previous paper were obtained with 
small cheeses. It lias long been realized that results with small cheeses do 
not always parallel results with full sized wheels. One reason is that, the 
interior of the larger cheeses cools more slowly than the interior of smaller 
cheeses. The fairly common practice of cooling the kettle contents by the 
addition of cool water or whey just before the curd is dipped makes the 
temperature of the larger cheeses more like that of the smaller cheeses dur- 
ing the early hours of the cheese in the press. The cheeses studied in this 
paper were wheels with a green weight of about 155 to 160 pounds made 
under factory conditions at the Grove City Creamery, Grove City, Pa. 

The milk used in making the Swiss cheese had for the most part a long 
methylene blue reduction time. The pH of the milk in the kettle was about 
6.5 or 6.6 and the titratable acidity about 0.17 per cent. The fat content 
of the whole milk was from 4.3 to 4.9 per cent and after standardization the 
kettle milk contained from 3.5 to 3.8 per cent of fat. Most of the cheeses 
studied were not experimental but were made for the market. 

The starters used were Streptococcus thermophilus , C 2 or C 3 strain, 
Lactobacillus helveticus, 39a strain, and Propionibacterium Shermanii } No. 
62 strain. 

* Resigned September 15, 1934. 

Received for publication February 23, 1935. 

i Frasier, W, C., Burkey, L. A., Boyer, A. J., and Sanders, G. P. The bacteriology 
of Swiss cheese. H. The bacteriology of Swiss cheese in the press. Journal Dairy 
Science 18: 373-388. 1935. 
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Methods of sampling and examination were as described in the pre- 
ceding paper of this series. 1 


RESULTS 

Since a pure culture starter contains only one kind of bacterium, the 
acidity of the starter after incubation at a given temperature will usually 
indicate the stage of growth of the bacteria and may indicate the likelihood 
of the culture being effective at the proper time in the cheese mass. A 
study has been made of the starters used in the Swiss cheeses at Grove City 
over a period of five years. Cheeses were not made continuously over that 
period, and cheeses included in special experiments were not included in 
the study. 

Starters of L. helveticus (39a) were grown in sterilized skim milk at 
37.5° to 39° C. for twelve hours. The higher incubation temperatures were 
used during a period when a more heat resistant organism was needed. The 
relation of the titratable acidity of the 39a starter used to the final grade 
of 862 cheeses made is shown in Table 1. It will be noted that of cheeses 


TABLE i 

Acidity of 39a starters t n milk and grades of cheeses made with them 


ACIDITY OF 

30a STARTER 

NUMBER OF 
( HEEBKS 

FANCY AND 

NO. 1 

SPECIAL 

NO 2 AND 

NO 3 

per cent 
< 0.90 

40 

per cent 
62.50 

per cent 
12.50 

per cent 
25.00 

0.90-0.94 

20 

85.00 

5.00 

10.00 

0 95-0.99 

43 

53.49 

32.56 

13.95 

1.00-1.04 

114 

67.54 

21.93 

10.53 

1.05-1 09 

115 

63.48 

26.96 

10.43 

1.10-1.14 

121 

54.55 

32.23 

13.22 

1.15-1.19 

190 

56.84 

24.21 

18.95 

1 20-1.29 

91 

39.56 

30.77 

29.67 

1.30 and over 

128 

39.06 

39.06 

21.86 

All of 1.2 and over 

219 

39.27 

35.62 

25.11 

All of 1.0 to 1.09 

229 

65.07 

24.45 

10.48 


made with starters of 1.0 per cent acidity or over, the highest percentage 
of Fancy and No. 1 cheeses was made with 39a starters of about 1.0 to 1.09 
per cent acid; and that results with starters with 1.1 to 1.14 per cent acidity 
were almost as good, although the percentage of Fancy and No. 1 cheeses 
decreased some and the percentage of No. and No. 3 (grinder) cheeses in- 
creased. A starter acidity of 1.15 to 3 .19 per cent gave a still greater per- 
centage of No. 2 and No. 3 cheeses. When a starter of 1.2 per cent acidity 
i Frazier, W. C., Burkey, L. A., Boyer, A. J., and Sanders, G. P. The bacteriology 
of Swiss cheese. II. The bacteriology of Swiss cheese in the press. Journal Dairy 
Science 18 : 373 - 388 . 1035 . 
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or over was used, however, the quality of the cheeses was considerably 
poorer. There was a marked increase in percentage of No. 2 and No. 3 
cheeses and a marked decrease in percentage of Fancy and No. 1 cheeses, 
as shown in Table 1. Of all cheeses made with starters of 1.2 per cent 
acidity and over, 39.27 per cent were Fancy or No. 1 cheeses and 25.11 per 
cent were No. 2 or No. 3 cheeses, while of all cheeses made with a starter 
of 1.0 to 1.09 acidity, 65.07 per cent were Fancy or No. 1 cheeses and only 
10.48 per cent were No. 2 or No. 3 cheeses. The high percentage of cheeses 
of good quality made w r ith starters of less than 0.9 per cent acidity as shown 
in Table 1 is misleading. The 40 cheeses were made in two different series. 
Twenty cheeses from one series graded 80 per cent Fancy and No. 1 cheeses 
and 20 per cent Special cheeses, but, the other 20 cheeses in a different series 
graded 50 per cent Fancy and No. 1 cheeses, but 50 per cent No. 2 and 
No. 3 cheeses. In the first series the milk was good enough so that a weak 
39a starter was satisfactory, but a similar starter in the second series pro- 
duced cheeses half of which were of low quality. 

The data lead to the conclusion that a 12-hour 39a starter in milk should 
have a titratable acidity of not over 1.19 per cent and not less than 1.0 per 
cent, preferably between 1.0 and 1.09 per cent. Experience has shown, 
however, that when there is difficulty in getting the 39a organism to grow 
properly in the cheese the use of a starter with a titratable acidity of 1.1 
to 1.14 per cent is preferable. 

In Tables 2 and 3 are shown results of studies of cheeses made with Str~ 
thermophilus (C 2 or C 3 ) starters of various acidities in milk and in whey, 
respectively. All cheeses in which the 39a culture did not develop properly 


TABLE 2 

Acidity of C ' starters in milk and grades of cheeses made with them 


ACIDITY OF C # 
STARTERS — MILK 

NUMBER OF 
CHEESES 

FANCY AND 

NO. 1 

SPECIAL 

NO. 2 AND 

NO. 3 

per cent 

Less than 0.75 

17 

per cent 
52.94 

per cent 
29.41 

per cent 
17.65 

0.75-0.80 ... 

112 

67.86 

22.32 

9.82 

Over 0.80 . 

30 

50.00 

36.67 

13.33 


TABLE 3 

Acidity of C a starters in whey and grades of cheeses made with them 


ACIDITY OF C, 
STARTERS — WHEY 

NUMBER 

OF 

CHEESES 

FANCY, 

GOOD 

AND 

FAIR NO. 1 

POOR 

NO.l 

i 

1 

SPECIAL 

NO. 2 AND 

NO. 3 

per cent 


per cent 

per cent 

per cent 

per cent 

Less than 0.30 . ... 

39 

33.33 

23.08 

38.46 

5.13: 

0.80-0.38 

112 

41.07 

22.32 

33.93 

2.68 

0.34 and over 

40 

17.50 

47.50 

27.50 

7.50 
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were eliminated from consideration. The data in Table 2 indicate that a 
titratable acidity of 0.7 to 0.75 per cent is desirable in a milk starter of Str. 
thermophilus and of 0.3 to 0.33 per cent in a whey starter. 

As has been stated in a previous paper, the activity of Str . thermophilus 
during the first few hours of the cheese in the press is indicated by changes 
in pH during this period. The pH of the interior of the cheese three hours 
after dipping has been used to determine the activity of the organism. Too 
little or too much activity will be apt to harm the quality of the cheese. 
The rate of acid development in the early hours of the cheese in the press 
can be regulated by varying the quantity of active Str. thermophilus starter 
added to the kettle milk. 

In Table 4 are shown the results of studies in which the pH of 353 
cheeses was determined three hours after the curd was dipped. All cheeses 


TABLE 4 

THe pH of the interior of the cheeses three hours after Ihe curd was dipped 
and grades of the cured cheeses 


pH OF CHEESES — 

3 nouns 

NUMBER 

OP 

CHEESES 

FANCY 

AND 

NO. 1 

SPECIAL 

NO. 2 

NO. 3 — 

mtlKDERS 

6.10-6.19 . 

31 

per cent 
64.52 

per cent 
25.80 

per cent 
6.45 

per cent 
3.23 

6.00-6.09 

131 

73.28 

22.90 

3.82 

0.00 

5.90-5.99 

149 

61.74 

29.53 

5.37 

3.36 

5.80-5.89 

42 

52.38 , 

35.71 

11.91 

0.00 


made with a weak 39a culture have been eliminated from consideration. It 
will be seen that the greatest percentage of cheeses of high grade and the 
lowest percentage of cheeses of low grade resulted when the interior of the 
cheeses had a pH value of from 6.0 to 6.09 after three hours in the press. 
There were no No. 3' (grinder) cheeses in this group. It is interesting to 
note that likewise there were no No. 3 cheeses but a high percentage of No. 2 
cheeses in the group with a pH of 5.8 to 5.89 after three hours. These low 
pH values indicate great activity by Str . thermophilus. Such cheeses drain 
very rapidly and have comparatively little growth of L. helveticus later in 
the cheese. The cheeses usually rise high in the warm cellar and are over- 
set, but they do not ordinarily have the defects which would put them into 
the grinder class. 

In Table 5 are shown pH readings of samples from the interior of the 
cheeses eight hours after the curd has been dipped into the hoop in the 
press. The results indicate that a pH of 5.5 to 5.69 gave the smallest per- 
centage of low grade cheeses, but that pH 5.7 to 5.89 was practically as 
satisfactory. 

The pH of the interior of the cheese 21 hours after dipping is taken as 
an indication of the growth and activity of the lactobacillus starter (39a). 
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TABLE 5 

The pH of the interior of the cheeses 8 hours after the curd was dipped 
and grades of the cured cheeses 


pH OF CHEESES — 

8 HOURS 

NUMBER OF 
CHEESES 

FANCY AND 

NO. 1 

SPECIAL 

NO. 2 AND 

NO. 3 

5.30-5.49 

, 

32 

per cent 
28.13 

per cent 
34.37 

per cent 
37.50 

5.50-5.69 

30 

50.00 

33.33 

16.67 

5.70-5.89 

50 

56.00 

24.00 

20.00 

5.90-6.09 

38 

47.37 

36.31 

26.31 

6.10 and over 

28 

14.29 

60.71 

25.00 


Table 6 shows the relation of the 21-hour pH to the final grades of the 
cheeses. It will be noted that the best grades of cheese were obtained when 
the pH values at 21 hours were 5.0 to 5.09, but that almost as good a cheese 
was obtained when the pH value at 21 hours was 5.1 to 5.14. When the 
pH is 5.2 or over the grade of the cheeses is very likely to be poor. The 
summary in Figure 1 of results from all cheeses with a pH of 5.2 at the end 
of 21 hours and over and from cheeses with less than 5.2 emphasizes the 
danger of a pH value of 5.2 or more after 21 hours in the press, wherein 
only 30.39 per cent were Fancy or No. 1 cheeses and 43.81 per cent were 
No. 2 or No. 3 cheeses. 

A reason was sought for a grade of Fair No. 1 or better of 50 (of 249) 
cheeses in spite of a pH of 5.2 or over after 21 hours on the press. As is 
shown in Table 7 these cheeses were more alkaline during the early hours 
in the press than most cheeses, that is, Str. thermophilus was less active than 
usual. It will be noted that the better the grade the more alkaline was the 
average pH after three hours and the more acid the pH after 21 hours. 


table r» 

The pH of the interior of the cheeses 21 hours after the curd was dipped 
and grades of the cured .cheeses 


pH OF CHEESES — 

21 HOURS 

NUMBER OF 
CHEESES 

FANCY AND 

NO. 1 

SPECIAL 

NO. 2 AND 

NO. 3 



per cent 

per cent 

per cent 

< 5.0 

8 

62.50 

25.00 

12.50 

5.00-5.04 

133 

65.41 

24.81 

9.77 

5.05-5.09 

235 

63.40 

25.11 

11.06 

5.10-5.14 

135 

58.52 

31.85 

9.63 

5.15-5.10 

100 

55.00 

31.00 

14.00 

5.20-5.29 

79 

46.84 

27.85 

25.31 

5.30-5.39 

61 

18.03 

24.59 

57.38 

5.40-5.49 

42 

21.43 

21.43 

57.14 

5,50 and over . .. 

12 

25.00 

25.00 

50.00 

All 5.2 and over . . 

194 

30.93 

25.26 

43.81 

All <5.2 

623 

61.32 

27.45 

11.23 
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Fig. 1. Relation of pH at 21 hours to grade of cheese. 


All of these cheeses showed a slow increase in aeidity during the early hours 
in the press, but the increase was steady and undoubtedly continued after 
the 21-hour period. These results agree with the belief of experienced 
cheesemakers that the less starter it is found necessary to use, the more 
likely are good cheeses to result. The good results obtained with 39a 


TABLE 7 

Changes in pH of all cheeses of good grade with SI -hour pH of over 5.S 



| 3 HOURS 

| 8 HOURS | 

10 HOURS 

| 21 HOURS 

Grade 

No. of 

Average 

No. of 

Average 

No. of 

Average 

No. of 

Average 


cheeses 

pH 

cheeses 

pH 

cheeses 

pH 

cheeses 

pH 

?ancy 

5 

6.21 



4 

5.53 

5 

5.28 

>ood No. 1 

20 

6.10 

12 

5.85 

a 

5.66 

25 

5.32 

fair No. 3 

25 

6.08 

16 

5.79 

4 

5.64 

50 

5.35 
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starters with less than 0.9 per cent acidity in certain cases, as discussed 
above, were in cheeses in which there was slow development of acidity dur- 
ing the first hours in the press. In the presence of active gas-forming 
bacteria, however, slow working Str. thermophilus or L. helveticus starters 
or small amounts of them could not be used successfully. 

DISCUSSION 

Since it is usually possible to control to a great extent the rate of the 
lactic fermentation in Swiss cheese in the press by controlling the starters 
used in making the cheese, the cheesemaker should know first how to pre- 
pare the starters which will be most active in the cheese and, second, how 
much of these active starters should be used to cause the desired rate of 
lactic fermentation in the cheese in the press. The results of the above 
data would indicate that a 39a starter should have an acidity of about 1.05 
to 1.09 per cent and the C 3 whey starter an acidity of 0.3 to 0.33 per cent. 
Enough C 3 starter should be added to cause the pH of the cheese to drop 
to about 6.0 to 6.09 in the first three hours of the cheese in the press and 
enough 39a starter should be added to give a pH of less than 5.2, preferably 
less than 5.15, after the cheese has been in the press for 21 hours. No 
changes can be made to influence the cheese on which the tests are run but 
the changes can be effected the next day. In practice it is not always pos- 
sible to obtain the ideal pH value in the cheese, especially if the milk is 
defective. Some sources of milks are so infected with gas organisms that 
a large amount of Str. thermophilus starter is necessary to prevent bloating 
of the cheese in the press. The resulting cheese will probably not be of 
good quality but the “pressler” will have been avoided. Some milks are 
inhibitive to the lactobacillus starter and difficulty is experienced in obtain- 
ing a low enough pH value in the 21-hour old cheese. This trouble was 
encountered at the Grove City Creamery and it was found necessary to use 
a 39a starter grown at 38-39° C. with an acidity of about 1.1 to 1.15 per 
cent. And, with an exceptionally good milk, as has been stated above, a 
slow acting Str. thermophilus as well as a slow acting lactobacillus can be 
used with good results. 

Of course the first requisite for the manufacture of Swiss cheese of high 
quality is satisfactory milk. And with good milk, connect manufacturing 
procedures and properly prepared and used starters, it should be possible 
to make Swiss cheese of high average quality. 

SUMMARY 

A study of a large number of wheels of Swiss cheese manufactured at 
a plant under factory conditions, in an effort to determine what acidity of 
pure culture starters and what rate of lactic acid fermentation in the cheese 
in the press were most desirable, led to the following conclusions : 



510 


FRAZIER, JOHNSON, EVANS AND RAMSDELL 


1. With the milk used, a Lactobacillus helveticus milk starter with an 
acidity of 1.0 to 1.09 was most effective. This culture was grown at 
37.5-39° C. for 12 hours. 

2. A 12-hour, 37° C. milk starter of Str. thermophUus should have an 
acidity of about 0.70 to 0.75 per cent ; and a whey starter should have an 
acidity of 0.30 to 0.33 per cent. 

3. The pH of the cheese in the press, which is indicative of the activity 
of the starters, should be about 6.0 to 6.09 after three hours in cheese made 
from milk with a pH of 6.5-6.6. 

4. The pH of the cheese in the press should be less than 5.2 after 21 
hours and preferably should be between 5.15 and 5.0. 

5. With good milk a slow development of acidity throughout the first 
21 hours usually makes a good cheese. The pH of such cheeses may be as 
high as 6.1 to 6.25 after three hours in the press, and over 5.2 after 21 
hours. 

6. With a supply of good milk and with good manufacturing methods, 
the proper preparation and use of pure culture starters will give Swiss 
cheese of good average quality. 
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I. THE ANTIRACHITIC VALUE OF HAY IN THE RATION 
OF DAIRY CATTLE* 

C. F. Huffman and C. W. Duncan 
With the Technical Assistance of C. C. Lightfoot 

Section of Dairy Husbandry and Section of Chemistry of the Michigan Agricultural 
Experiment Station, East Lansing 

For the past 12 years the calcium and phosphorus requirements of 
dairy cattle have been under investigation at this Station. During this 
period several long-time mineral feeding trials and many balance experi- 
ments have been carried out (1-4). In order to complete certain phases 
of this investigation, it became necessary to study the vitamin D require- 
ment of dairy cattle and also the antirachitic value of common dairy feeds. 
These factors are essential for the proper utilization of calcium and phos- 
phorus. 

Extensive reviews of the literature bearing on the etiology of rickets 
and the effects of various curative agents have been made by Park (5), 
Hess (6), Blunt and Cowan (7), Sherman and Smith (8), and Browning 
(9). Consequently, only the literature pertaining directly to rickets in 
cattle will be given. 

Rickets have been observed in calves by several early -writers. In 1901 
Law T (10) listed it as a disease affecting cattle. In their 1914 edition, 
Ilutyra and Marek (11) have a splendid photograph of a rachitic calf. 
In 1920 Becker (12) observed rickets in calves fed whole milk and grain. 
The California Station (13) reported that rachitic calves were common in 
the range herds of King County as early as 1922. 

Rachitic calves were produced experimentally at this Station (14) as 
early as 1926 in connection with the heavy feeding of concentrates without 
the proper quality of roughage. Bechdel and coworkers (15) presented 
data in 1928 which indicated that vitamin D was beneficial to the bovine. 
Olson (29) reported in 1929 that rickets occurred among calves allowed 
free choice of feeds. The rachitic symptoms were associated with low hay 
intakes. In 1930 Huffman and coworkers (16) reported a case of rickets 
in a young animal which was fed a ration containing a limited amount of 
wheat straw. Hill (17) reported in 1930 that calves fed a rickets-producing 
ration and exposed to ultraviolet rays showed improved calcification of the 
bones. Hupei, Bohstedt and Hart (18) demonstrated in 1931 that rachitic 

Received for publication March 4, 3935. 
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calves responded promptly to the curative treatment of cod liver oil or sun- 
shine. The effects of supplementing a rachitogenic ration with cod liver oil, 
sun-cured hay or sunshine were reported in 1931 (19). In 1932 Gullickson 
and Eckles (20) observed rickets in calves under farm conditions. In 1933 
both the Pennsylvania Station (21) and the Wisconsin Station (22) re- 
ported in detail upon the vitamin D studies at their respective institutions. 
The characteristic symptoms of rickets in calves were described in the last 
two reports. 

Hess and Weinstock (23) reported that green plants grown in the 
dark were devoid of antirachitic properties but such plants were rendered 
antirachitic by irradiation with ultraviolet rays. According to Steenbock 
and coworkers (24) the antirachitic potency of hay can also be increased 
by exposure to sunshine or to ultraviolet irradiation. Similar results have 
been reported by other investigators (25-27). 

The purpose of this investigation is to help elucidate the vitamin D 
requirements of calves and also to study the antirachitic potency of hay. 

EXPERIMENTAL 

Twelve calves were used in the study of the antirachitic properties of 
hay. The calves were all healthy grade Holsteins except C-252 which 
was a Brown Swiss. From birth to 30 days of age the calves were fed 
whole milk twice daily in amounts according to the needs of each calf, 
after which time they were changed to a ration of skim milk and a mixture 
of corn and oats. At 90 days of age the corn and oats were replaced 
by the following basal rachitic grain mixture: 

Yellow corn meal 50.0 per cent Linseed oil meal 8.5 pet cent 

Ground oats 20.0 i( t( Calcium carbonate 1.0 “ 

Corn gluten meal 20.0 “ 11 Sodium chloride 0.5 “ “ 

Monthly analayses of rachitogenic ration were made and showed the 


following variations: 

Calcium 

0.412 to 0.592 

0.500 average per cent 

Phosphorus 

0.301 to 0.376 

0.351 

tt 

a a 

Magnesium 

0.164 to 0.216 

0.195 

tt 

a tt 

Nitrogen 

2.92 to 3.41 

3.10 

tt 

a a 

Moisture 

10.27 to 12.95 

11.27 

tt 

tt tt 


At 120 days of age the skim milk was discontinued. Five calves, C-98, 
C— 100, C— 109, C— 148 and C— 131 received sun-cured hay as an antirachitic 
supplement. Four calves, C-127, 0-130, C-133, and 0-165 received 
timothy hay which had been cured in the dark as a supplement Two 
calves, 0-216 and 0252, were fed sun-cured alfalfa hay as an antirachitic 
supplement. Calf 0144 was fed timothy ash as a supplement. 
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The sun-cured timothy hay was U. S. grade No. 2. The timothy which 
was cured in the dark was cut after sundown and placed upon racks in 
a dark room to cure. This hay was classed as U. S. grade No. 2. The 
sun-cured alfalfa which was U. S. Grade No. 1 was purchased from farmers 
within the vicinity of the Station. The vitamin D content of these hays 
was not determined by rat assays. 

The calves were turned into a bare lot at night for exercise except 
during inclement weather. They were offered water twice daily. Shavings 
were used for bedding. 

The animals were weighed every 10 days and measured for height at 
withers once a month. 

Blood samples were obtained every 2 weeks, in many cases each week, 
from all of the experimental animals from the time they were placed on 
experiment until they were removed from experiment. The methods for 
the determination of plasma calcium and inorganic phosphorus have been 
previously reported (3). 

The right 8th rib and in a few cases the right dental pad and a 
section of the orbital plate of each calf were cleaned, air-dried, sawed into 
desirable lengths, extracted with hot alcohol for 72 hours and finally dried 
in an oven. The samples were weighed into crucibles and ashed in a 
muffle for 12 to 15 hours. After cooling in a desiccator they were reweighed. 
The ashed samples were ground to pass a 20 mesh sieve. Aliquot samples 
were then taken for the determination of calcium, phosphorus and mag- 
nesium. 

The methods for the collection of the excreta and of the analysis were 
the same as in previous work (28). 

RESULTS 

The results for representative calves are presented in Tables 1-7 
inclusive. 

Calf C-144. Timothy ash equivalent to 2 pounds of timothy hay per 
day was added to the ration of C-144 at 90 days of age to compensate 
for the calcium, phosphorus and magnesium contained in the hay. The 
plasma calcium and inorganic phosphorus had been normal up to this time. 
By 105 days of age the inorganic phosphorus had dropped to 5.61 mg. 
per 100 cc. of plasma. The symptoms of rickets were marked at 145 days 
of age although the plasma inorganic phosphorus had been low for some 
time. Table 1 shows a typical case of low blood inorganic phosphorus 
rickets. Several calves not included in this discussion, which had received 
only the basal rachitic ration, also became extremely rachitic. 

Effect of Supplementing the Basal Ration with Sun-cured Timothy Hay 

In order to determine the antirachitic value of sun-cured hay, 5 calves 
were fed the basal rachitic ration supplemented with sun-cured timothy. 
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TABLE 1 

C-144. Effect of supplementing the rachitogenic ration with timothy ash 


date 

AOS 

WT. 

1 

| PLASMA 

PATE 

AGE 

J 

WT. 

| PLASMA 

1 1 

P 

1 Cft 1 

1 * 


days 

lbs. 

I per JOO ee. 1 


days 

lbs. 

mg. per 100 cc. 

10-12-31 

40 

94 

12.6 

7.49 

12-33-31 

120 

159 

10.5 

5.51 

10-22 

50 

100 

11.3 

6.25 

1-10-32 

130 

168 

i 


11-1 

60 

111 



1-20 

140 

182 

10.9 

3.95 

11-11 

70 

115 

11.0 

8.33 

1-302 

150 

169 

10.2 

4.46 

11-21 

80 

119 

10.2 

8.0] 

2-9 

160 

185 



12-li 

90 

124 



2-19 

170 

187 

10.4 

4.43 

12-11 

100 

131 

11.2 

5.61 

2-29 

180 

194 


5.53 

12-21 

110 

140 



3-10 

190 

200 

9.6 

4.11 


1 Timothy ash added. 

2 Legs bowed. 

Calf C-98. This calf received alfalfa hay and 10 ce. of cod liver oil 
per day to 90 days and was then changed to the basal ration. The calcium 
and inorganic phosphorus values were 12.0 and 5.25 mg. per 100 cc. of 
plasma respectively at 150 days of age, as indicated in Table 2. The phos- 
phorus value was slightly below the normal rauge for a calf of that age. 
At 193 days of age the plasma calcium and inorganic phosphorus values 
were 7.0 and 6.95 mg. respectively and by 210 days of age anorexia was 
exhibited. Stiffness was not observed until about 225 days of age. This 
animal suffered from low plasma calcium, normal phosphorus rickets at 
this time. It is of interest to note that tetany was not observed although 
the plasma calcium values were below 6.0 mg. 

Sun-cured timothy hay was added to the ration at 254 days of age 
when the calf was suffering severely with rickets. The plasma calcium 
immediately increased to 11 .3 mg. but the inorganic phophorus remained 
unchanged. It was planned to feed 3 pounds of timothy per day but 
due to anorexia, the calf would not consume this amount of hay until 
about 30 days from the time it was added to the ration. 

During the period that rickets had developed the calcium and phos- 
phorus intakes were approximately 14.5 and 9.1 gm. per day. After 
the sun-cured timothy had alleviated the anorexic and rachitic conditions 
the above intakes were increased to 20.0 and 11.3 gm. respectively. The 
addition of the hay also changed the calcium to phosphorus ratio fro m 
1.6:1 to 1.8:1. 

After the sun-cured timothy had been added to the ration, all of the 
plasma calcium values and most of the inorganic phospohrus values were 
normal until this animal was 540 days of age, but at this age the inorganic 
phosphorus values began to decrease. C-98 started to bloat at 543 days 
of age and anorexia was again manifested. The grain consumption began 




TABLE 2 

C-98. Effect of supplementing the rachitogenic ration with sun-cured timothy hay 
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1 Marked rickets. 4 Conceived. 

2 3 lbs. sun-cured hay added per day. 5 Calved. 

3 Hay increased to 4 lbs. per day. 
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to decrease but the 3 pounds of hay were readily consumed. Stiffness 
was observed at 585 days of age or 42 days following the initial bloating 
and development of anorexia. The plasma inorganic phosphorus was 
slightly below normal during this period but the calcium was normal. The 
hay intake was increased at 587 days of age but it required about 30 days 
to get it up to 6 pounds per day. The appetite for grain increased at a 
slower rate as four months were required to get the consumption up to 
the level just prior to the last siege of anorexia and attack of rickets. 
As the appetite for grain improved, the appetite for timothy decreased, 
which, together with good gains in body weight, were probably responsible 
for the inorganic phosphorus values remaining slightly below normal. 

C-98 manifested estrum and was bred at 555 days of age but conception 
did not occur. She did conceive at the second service at 814 days of age. 
The calf, which was carried 261 days and was dead at birth, weighed 82 
pounds. Post-mortem examination did not reveal any abnormalities. Ail 
of the bones of the calf were normal and well calcified. The placenta was 
discharged within the normal time. This animal had suffered from rickets 
on two different occasions yet she did not experience difficulty in calving. 
She was kept for 88 days following parturition. 

The data for the above period showing milk production, calcium, phos- 
phorus and magnesium intakes, the grams of food phosphorus per pound 
of milk above maintenance, plasma calcium and inorganic phosphorus 
appear below: 


PERIOD 

WEIGHT 

HAY 

MILK j 

AVER. 

DAILY INTAKE 

p 

INTAKE* 

| PLASMA 

Ca 

P 

Mg 

Ca 

1 p 

days 

lbs. 1 

lbs. 

lbs. 

gm. 

gm. 

gm. 

gm. 

mg. per 100 cc. 

31 

967 

6 

23.4 

35.3 

20.1 

13.8 

0.446 

10.9 

3.95 

31 

990 

6 

30.8 . 

52.5 

26.3 

20.3 

0.532 . 

9.8 

4.24 

26 

990 8 

6 

27.6 

66.5 

35.0 

25.8 

0.909 

11.5 

6.00 


1 Weight at beginning of period. 

* Per pound of milk above maintenance. Maintenance requirement is 1 gram of 
phosphorus per 100 pounds of body weight. 

8 Weight at end of last period. 

During the first and second months when the phosphorus intakes per 
pound of milk above maintenance were 0.446 and 0.532 gm., the plasma 
inorganic phosphorus values were low for a heifer of this age. During the 
third month the consumption of grain had increased to 15 pounds per day 
and consequently the phosphorus intake increased to 0.909 gm. per pound 
of milk above maintenance which caused the plasma inorganic phosphorus 
to return to normal. There was a pronouced improvement in the general 
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condition of C-98 during the time she was milking. The stiffened and 
enlarged joints, which were so pronounced at the time of calving, had 
almost disappeared by the time she was slaughtered. 

It is of importance to call attention to the fact that 6 pounds of sun- 
cured timothy hay was the only source of vitamin D and that this amount 
of hay provided sufficient vitamin D for maintenance, some growth and the 
production of 23.4 to 30.8 pounds of milk per day. Apparently, the im- 
proved calcium, phosphorus and magnesium intakes were important factors 
in helping to restore the plasma inorganic phosphorus to normal. The 
metabolism data for calcium, phosphorus, magnesium and nitrogen follow- 
ing the recovery from the first attack of rickets are shown in Table 3. The 


TAltLK 3 

Metabolism data of 0-08 and C-100 fed the r ach it o genie ration supplemented with sun - 

cured timothy hay 


CALF NO. 

AVER. 

DAILY 

INTAKE 

AVER. DAILY OTJTOO 

BALANCE 

% 

STORED 

| PLASMA 

Urine 

Pores 

Total 

| Ca 

1 P 


gm. 

gm. 

gm. 

gm. 

gm. 


1 mg. per WO cc. 

? 

QD 

9 

21.77 I 

0.36 

10.40 

10.76 

11.01 

50.6 

11.3 

6.56 

P 

12.95 ' 

3.46 

3.88 

7.34 

5.61 

43.3 



m k 

7.87 

2.00 

2.99 

4.99 

2.88 

36.6 



N 

94.73 

49.17 

21.75 

70.92 

23.81 

25.1 



C -1002 Ca . 

19.45 

0.02 

12.28 

12.30 

7.15 

36.8 

11.2 

6.65 

P 

12.04 

2.94 

5.38 

8.32 

3.72 

30.9 



mb 

7,15 

1.94 

2.83 

4.77 

2.38 

33.2 



N 

90.46 

54.02 

24.09 

78.11 

12.35 

13.6 




i3 lbs. of hay per day. Age 363 days. Weight 417 lbs. 
2 2 lbs. of hay per day. Age 29G days. Weight 410 lbs. 


metabolism period lasted one week but no feed changes were made for 
several weeks prior to the collection period. The ash values for the mois- 
ture-free, fat-free 8th right ribs of C-98 and her calf are shown in Table 7. 

Calf C-100. This calf consumed 15.4 pounds of sun-cured alfalfa hay 
in addition to the basal ration during the first 60 days of age. At this time 
the alfalfa was replaced by 2 pounds of sun-cured timothy hay per day. 
The body weights, plasma calcium and inorganic phosphorus values are 
shown in Table 4. 

Two pounds of sun-cured timothy hay furnished a sufficient amount of 
the antirachitic factor to maintain a normal concentration of calcium and 
inorganic phosphorus in the plasma to about one year of age. The in- 
organic phosphorus values were slightly subnormal after this time but 
anorexia was not observed until 504 days of age and stiffness was observed 
4 days later. The phosphorus intake during this period ranged from 10.6 
to 15,2 gm. per day. The hay was increased to 4 pounds per day on the 
519th day. Slight improvement in the rachitic condition was first observed 
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1 Anorexia and stiffness, sun-cured timothy in- 4 Sun-eured timothy hay added to ration, 
ereased to 4 lbs. per day. 5 Rickets. 

* Hay increased to 6 lbs. per day. 6 Added MgO to ration. 

* Slaughtered. * Added bone-meal to ration. 
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at 543 days of age but this condition was probably due to lack of growth. 
The plasma calcium was normal but the inorganic phosphorus was sub- 
normal. The improved condition only lasted about 30 days when the 
stiffness became more pronounced. At 681 days of age the timothy was 
increased to 6 pounds per day. There was another period of gradual im- 
provement in the rachitic condition but anorexia was the predominant 
factor. The calcium and phosphorus intakes at this time were 25 and 35 
gm. respectively. By 850 days of age anorexia had disappeared and the 
grain consumption had increased to such an extent that C-100 gained in 
weight and in height at withers and at 909 days she weighed 861 pounds. 
The stiffened and enlarged joints had almost disappeared but the inorganic 
phosphorus values remained below 6.5 mg. in most cases. 0-100 was 
slaughtered at 923 days of age because of a foreign body. She had had 13 
services but conception had not occurred. 

The metabolism values for calcium, phosphorus, magnesium and nitro- 
gen just prior to the development of rickets are shown in Table 3. The col- 
lection period lasted for one week but no feed changes were made for many 
weeks previous to this time. The ash values are shown in Table 7. 

Calf C-109. Blood samples were not taken from this calf until 84 
days of age but the calcium and inorganic phosphorus values at that time 
were 7.6 and 7.40 mg. per 100 cc. of plasma. One pound of sun-cured 
timothy hay was added to the basal rachitic ration at 87 days of age. The 
plasma calcium values remained below the normal range until the calf was 
slaughtered at 188 days of age. The inorganic phosphorus values wen* 
normal until 160 days of age but from then on they were below normal. 
Tetany was not observed at any time and the calf did not appear irritable. 
The knee joints began to enlarge but stiffness had not been observed. Post- 
mortem examination revealed the usual rickety bones. 

Calf C-148. Table 4 summarizes the data secured from C-348. This 
calf had low inorganic phosphorus values when it was bled at 20 and 30 
days of age but the calcium values were normal. Sun-cured timothy hay 
was added to the ration at 30 days of age. The calf was offered more but 
would not consume more than one pound per day up to 90 days of age. 
Evidence of rickets was observed at this time when the calcium was 11.7 and 
the inorganic phosphorus was 5.32 mg. per 100 cc. of plasma. The rachitic 
condition became progressively worse and at 121 days of age, 10 gm. of 
magnesium oxide were added to the ration in an attempt to relieve this con- 
dition. There was an immediate increase in the consumption of hay and 
grain but the inorganic phosphorus continued to decrease. The body 
weight remained constant and the rachitic symptoms remained unchanged 
even after the hay and grain intakes were doubled. Fifty grams of bone- 
meal per day were added to the ration at 153 days of age but the increased 
calcium and phosphorus intakes did not prevent the calf from becoming 
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extremely rachitic. The condition was such that the animal could not walk 
without assistance. All other feeds were replaced with 20 pounds of whole 
milk at 211 days of age. The plasma calcium, inorganic phosphorus and 
magnesium values at 220 days of age were 12.3, 5.00 and 2.12 mg. per 100 
cc., respectively. At 232 days of age this calf had tetanic convulsions, dur- 
ing which time the calcium, inorganic phosphorus and magnesium values 
were 7.3, 4.13 and 0.99 mg., respectively. This calf presented a typical case 
of low-calcium, low-phosphorus rickets. The cause of the tetany may have 
been due either to the low concentration of calcium in the plasma, the low 
concentration of magnesium, or the subnormal concentrations of both of 
these elements. 

Calf C-131. The concentrations of calcium and inorganic phosphorus 
in the plasma of this calf were normal during the first 46 days of age. At 
65 days of age the plasma calcium dropped to 7.6 mg. per 100 cc. but the 
inorganic phosphorus remained "within the normal range. Sun-cured 
timothy hay was added to the ration at 93 days of age. This was sufficient 
to maintain the normal concentration of inorganic phosphorus until 136 
days of age. The first evidence of rickets "was observed at 178 days when 
both the plasma calcium and inorganic phosphorus were much below 
normal. 

Considerable difficulty was encountered in getting this calf to consume 
enough nutrients either as hay or grain. Originally it had been planned to 
feed the calf 2 pounds of sun-cured tirhothy but due to anorexia, the amount 
of hay consumed was usually about 1 pound per day 

At 239 days of age C— 131 became extremely rachitic and was only able 
to get up with considerable difficulty. The calf was changed to another 
experiment at this time. 

Effect of Feeding Timothy Hay Cured in the Dark 

Calf C—127 . The first indications of rickets w T ere observed in this calf 
at 84 days of age when the calcium was 7.8 mg. per 300 cc. of plasma but 
the inorganic phosphorus was normal. One week later tetany was mani- 
fested so the ration was supplemented with timothy hay which had been 
cured in the dark. The plasma calcium and inorganic phosphorus values 
at this time were 6.4 and 7.53 mg., respectively. Tetany was observed at 
94 and 95 days of age. Difficulty was encountered in getting this animal to 
consume hay and at no time did it consume more than 1.5 pounds per day. 
By 165 days of age the hay consumption had decreased to less than 1 pound 
per day. It was impossible to determine the antirachitic value of this hay 
because of the small amount consumed. However, the feeding of sun-cured 
timothy from the same field and at the same level was also ineffective in 
curing or preventing rickets (Calf C-109). The plasma calcihm and inor- 
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ganic phosphorus values were all markedly subnormal during the last 3 
months of life. 

Calf C-130. The plasma calcium and inorganic phosphorus values were 
normal until 76 days of age at which time the calcium was 8.6 mg. per 
100 cc. The inorganic phosphorus remained normal until 133 days of age. 
Timothy hay which had been cured in the dark was added at 99 days of age. 
Difficulty was encountered in getting 0-130 to consume hay although about 
2 pounds per day wore consumed for 2 months. This amount of hay 
would not have been sufficient to cure rickets even though it had been sun- 
cured. The calf was removed from this phase of the experiment at 269 
days of age. 

Calf C-133. The plasma calcium and inorganic phosphorus of this calf 
was also normal until 73 days of age when the calcium dropped to 9.2 mg. 
per 100 cc. The inorganic phosphorus remained within the normal range 
until 126 days of age. Timothy hay which had been cured in the dark was 
added to the ration at 92 days of age but the consumption did not exceed 

1.5 pounds per day at any time. The calf was slaughtered at 170 days of 
age at which time the plasma calcium and inorganic phosphorus values were 

8.5 and 4.51 mg. per 100 cc. 

Calf C-165. The timothy hay which was cured in the dark was added 
to the ration of this calf at 40 days of age while the plasma calcium and 
inorganic phosphorus values were still normal but the calf would not eat 
enough hay to prevent the onset of rickets. The calf began to manifest 
anorexia even though the plasma calcium and inorganic phosphorus values 
were still normal. The average daily consumption during the 152 days of 
hay feeding was only 0.5 pound. It is of interest to note that the blood 
plasma indicated the simultaneous development of the low-calcium, low- 
phosphorus type of rickets, as shown in Table 5. 

TA1JLE 5 

C-165. Effect of supplementing the rachito gtnxc ration with timothy hay cured 

in the darTc 


l'LAHMA 


J)ATE 

AUK 

VkT. 

c« 

P 


days 

lbs. 

mg. pt r 100 cc. 

5-5-32 

20 

101 

13.1 

6.44 

5-15 

30 

110 

12.4 

6.51 

5-25i 

40 

123 


6.28 

6-4 

50 

134 



6-14 

60 

145 


7.35 

6-24 

70 

150 


7.81 

7-4 

80 

158 



7-14 

90 

164 


8.68 

7-24 

100 

170 

9.0 

5.93 

8-3 

110 

186 

8.9 

5.63 


IU 1 K 

AUE 

\\T. 

l'LASMA 

Ctt 



days 

lbs. 

mg. per 100 cc. 

8-13 

120 

191 



8-23 

130 

194 

8.7 

4.30 

9-2 

140 

189 

8.9 

4.63 

9-12 

150 

192 



9-22 

100 

196 

8.5 

4.41 

10-2 

170 

199 ; 

10.5 

4.96 

10-12 

180 

196 

6.6 

3.62 

10-22 

190 

201 



10-24-32 

192 

203 

7.7 ! 

3.33 
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Antirachitic Effect of Sun-Cnred Alfalfa Hay 
Calf 216. This calf received the basal rachitic* ration supplemented 
with sun-cured alfalfa. The results are given in Table 6. In view of the 


TABLE 6 

C—816. Effect of supplementing the rachitogenic ration with 3 pounds of sun • 

cured alfalfa hay 


DATE 

AGE 

WT. 

PLASMA 

DATE 

AGE 

WT. 

| PLASMA 

Ca 

P 

| Ca 



dai/s 

lbs. 

mg. per 100 ce. 


days 

lbs. 

mg. per 100 ee. 

9-25-33 

30 

128 

10.9 

7.49 

12-24-33 

120 

320 

12.5 

6.65 

10-5 

40 

146 

11.6 

7.44 

1-3-34 

130 

327 

12.6 

5.84 

10-15 

50 

170 

11.8 

8.06 

1-13 

140 

338 

12.7 

6.25 

10-25 

60 

190 

11.3 

7.44 

1-23 

150 

350 

12.9 

6.41 

11-4 

1 70 

211 

12.1 

8.43 

2—2 

160 

360 

12.4 

7.01 

11-14 

80 

234 

11.8 

8.23 

2-12 

170 

370 

11.4 

5.41 

11-24 

90 

259 

13.0 

9.03 

2—22 

180 

388 

11.7 

7.01 

12-4 

100 

285 

13.1 

7.35 

3-4 

190 

410 

12.2 

8.12 

12-14 

110 

306 

12.0 

7.34 

3-9 * 

195 

421 

12.5 

7.27 


1 Slaughtered. 

TABLE 7 

Ash and mineral analyses of hones of calvts fed the rachitogenic ration with 
various supplements 
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ORB I PAL 1'l.A 1 E | 

DENIAL PAD 

Calf 

Ash 

Ca 

P Mg 

Ash Ca P 

Mo 

Ash 

Ca 

P 

Mg 

No. 

% 

% 

% % 

% %. % 

% 

% 

% 

% 

% 





Timothy Asli 






C-144 

41.46 

16.58 

7.23 0.53 

43.25 

i 

46.69 








Timothy — Sun Cured 





C-98 

57.50 

21.45 

9.67 0.70 







O— 98 

53.00 

20.80 

9.52 0.69 







C-100 

60.65 

23.05 

10.30 0.38 

59.25 23.00 10.88 

0.88 

54.10 

20.76 

10.18 

0.84 

0-109 




49.70 18.98 8.87 

0.81 

47.42 

18.49 

8.53 

0.51 

C- 148 

42.89 

17.65 

7.69 0.57 

36.81 14.58 6.62 

0.68 

58.44 

18.14 

7.78 

0.89 





Timothy — Curod in 

l Dark 





C-127 

42.50 

17.33 

7.62 0.55 

39.88 


42.42 




0-133 

47.68 

18.98 

8.06 0.51 

46.07 


48.74 




0-165 

41.48 

16.75 

7.35 0.48 

33.85 13.34 6.08 

0.65 

54.92 

17.85 

7.78 

0.89 





Alfalfa — Sun Cured 





0-216 

52.30 

19.87 

8.93 0.58 

56.30 21.40 10.11 

0.96 





0-252 

55.10 

21.35 

10.28 1.01 








results secured from the feeding of timothy hay, the alfalfa was added at 
8 days of age and limited to not more than 2 pounds per day in order to 
overcome anorexia. The plasma calcium and inorganic phosphorus values 
were normal throughout the duration of the experiment. No evidence of 
rickets was observed. The high calcium content of the alfalfa altered the 



VITAMIN D STUDIES IN CATTLE 


523 


calcium to phosphorus ratio of the raehitogenic ration from 1.6 : 1 to 2:1 
and 3: 1. The high magnesium content of the alfalfa may also have aided 
in the prevention of rickets. The growth and condition of the calf at the 
time of slaughter was normal. 

Calf C-252. The ration of this calf was supplemented with 1 pound of 
sun-cured alfalfa hay per day at 30 days of age. This amount of hay fur- 
nished enough of the antirachitic factor to maintain normal plasma calcium 
and inorganic phosphorus values up to 130 days of age. The skim milk 
was discontinued at 120 days of age which caused a temporary drop in the 
calcium and phosphorus intakes. The inorganic phosphorus dropped to 
5.71 mg. per 100 ee. of plasma but as soon as the consumption of grain had 
increased sufficiently to meet the calcium and phosphorus requirements the 
plasma phosphorus quickly returned to normal. This indicates the im- 
portance of ihe level of calcium and phosphorus in the ration in studying 
the vitamin D requirements of young dairy animals. 

DISCUSSION 

Anorexia, was one of the first symptoms observed in the calves used in 
this invest igation to determine the antirachitic value of hay. Several calves 
lost their appetite for the basal rachitic grain mixture as well as for hay. 
Calf C--100 had consumed 15.4 pounds of sun-cured alfalfa hay from birth 
to 00 days of age and did not exhibit anorexia during her first year when 
2 pounds of sun-cured timothy hay were the only source of the antirachitic 
factor. It is possible, that anorexia was prevented in C-100 by feeding the 
sun-cured hay at an earlier age. On the other hand, 0-98 had been raised 
to 90 days of age on a ration of sun-cured alfalfa and 10 cc. of cod liver oil 
per day in addition to the basal ration. This procedure did not prevent 
the occurrence of anorexia in this calf during the period of active rickets. 
C-148 was offered sun-cured timothy hay at 30 days of age but it refused 
to consume more than 1 pound per day which was ineffective in the preven- 
tion of anorexia. Most of the calves which were used in this investigation 
failed to consume the desired amount of hay. 

Calf 0-98 was cured of rickets with sun-cured timothy hay. The calf 
was limited to 3 pounds per day for some time but the marked improvement 
in the rachitic condition, as the result of the consumption of sun-cured hay, 
demonstrated the antirachitic potency of such a hay. Although this amount 
of sun-cured hay alleviated the rachitic symptoms in C-98 at 9 months of 
age, it failed to furnish enough vitamin D to prevent the reoccurrence of 
rickets at 15 months of age. After the second onset of rickets the hay was 
gradually increased to 6 pounds per day. This amount of hay furnished 
sufficient vitamin D to maintain the heifer, the development of the fetus 
and the average daily production of 27 pounds of milk. The results with 
calf C-100 indicate that 2 pounds of sun-cured timothy hay afforded ample 
protection against rickets up to about 1 year of age and that the gradual 
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increase in the hay consumption up to 6 pounds per day furnished sufficient 
vitamin D for maintenance and normal growth up to 2.5 years of age. 
Sun-cured alfalfa hay also had a marked antirachitic value as 2 pounds per 
day protected C-216 against rickets up to 195 days of age and 1 pound per 
day was effective in preventing rickets in C-252 up to 192 days of age. 
These results are in agreement with those reported by the Pennsylvania 
Station (21) where 2.5 pounds of sun-cured alfalfa protected calves from 
rickets while 1 pound prevented them from showing the clinical symptoms 
but failed to maintain normal blood inorganic phosphorus. 

The calcium, phosphorus, magnesium and nitrogen balances in Table 3 
demonstrate the antirachitic potency of sun-cured hay. Calf C-98 which 
received 3 pounds of hay per day as the only source of vitamin D had 
better utilization and storage of calcium and phosphorus than C-100 which 
received 2 pounds of hay per day. 

After anorexia became pronounced the calves failed to make normal 
growth and in some cases growth ceased entirely or the animal lost weight. 
Some variations are shown, however, upon examination of the weights. 
The differences are probably due to individual variations in the ability of 
the calf to utilize the vitamin D supplied by the ration. 

The results with the hay cured in the dark are of little value due to the 
manifestation of anorexia which prevented the consumption of sufficient 
hay to give it a fair trial. 

Several types of rickets developed in the calves which were used in this 
investigation from the standpoint of blood analyses. The usual type was 
the low-plasma calcium, normal-inorganic phosphorus as indicated during 
the first attack of rickets of C-98. During the second attack, when sun- 
cured hay was fed, the condition was characterized by the normal calcium, 
low-inorganic phosphorus type. The latter type prevailed in the case of 
C— 148, C-144 and C— 100. The rachitic condition was characterized in 
C-133 and C-165 by the simultaneous drop in both plasma calcium and 
phosphorus. In cases where the first type of rickets prevailed, the inor- 
ganic phosphorus eventually became subnormal as the severity of the rickets 
increased. 

The first alteration that appeared in the blood of the calves used in this 
investigation was a definite decrease in the concentration of calcium or in- 
organic phosphorus. When the Briggs modification of the Bell-Doisy tech- 
nique is used, concentrations below 6.5 mg. per 100 cc. of plasma should be 
regarded as indicative of rickets, as the normal concentrations lie between 
6.5 and 8.0 mg. for calves of the ages herein reported. It is quite probable 
that no rigid line can be drawn between the normal and pathological level 
of inorganic phosphorus because of individual variations and natural varia- 
tions within the normal range. When the plasma calcium and inorganic 
phosphorus are determined at weekly intervals, the downward trend of 
either or both of these constituents preceded all other evidence. 
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The most significant features of the rachitic bones were their altered 
shapes, softer, less dense than normal, and their low ash and mineral con- 
tent. The most outstanding observation, however, was the presence of pits 
in the articulating surfaces of the long bones of calves C-98 and C-100. 
A study of the pathology of rachitic calf bones will be reported in a subse- 
quent paper. 

SUMMARY AND CONCLUSIONS 

1. Anorexia, which is usually associated with rickets in calves, was 
responsible for the lack of hay consumption under the conditions of this 
investigation. 

2. It is difficult to use the curative method v itli calves when testing the 
antirachitic potency of roughages. 

3. Two pounds of sun-cured timothy hay prevented rickets in calf 
C-300 up to 1 year of age and 3 pounds of sun-cured timothy cured rickets 
in 0-98 at 9 months of age. 

4. Two pounds of sun-cured alfalfa hay prevented rickets in calf 0-216 
up to 195 days of age and 1 pound of sun-cured hay protected 0-252 up to 
192 days of age. 

5. The results indicate that the vitamin D requirement increases with 
age or size of the growing bovine and also that the requirement varies from 
individual to individual. 

6. The calves used in this investigation showed three distinct conditions 
associated with rickets from the standpoint of blood analyses, (1) normal 
calcium, low phosphorus, (2) low calcium, normal phosphorus, and (3) low 
calcium, low phosphorus. 

Addenda : 

Since the acceptance of this paper for publishing G. C. Willis, L. S. 
Palmer and T. W. Gulliekson reported that prairie hay may carry appre- 
ciable amounts of vitamin D. 

Journal Dairy Science 18: 233, 1935. 
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PERIOD OF LACTATION AND THE DIRECT TITRATABLE 
CHLORIDE VALUE OF MILK 

PAUL F. SHARP and EARLE B. STRUBLE 
i Department of Dairy Industry, Cornell University, Ithaca, New York 

INTRODUCTION 

The following types of natural milk may he high in chloride: (1) colos- 
trum milk, (2) milk from diseased udders, and (3) milk from cows low 
in production, due to late lactation. In order to distinguish these three 
types from normal inilk, a knowledge of the chloride content of the milk 
from healthy cows throughout the whole period of lactation is necessary. 

The chloride test for detection of milk fn>m diseased udders, particu- 
larly from cows having mastitis, has recently been used by Rosell (27), 
ITucker, Trudell and dennings (9), Hayden (7), and others. Sharp and 
de Tomasi (30) have used the same test for a different purpose; namely, 
for the detection of milk from cows low in production, due to late lactation. 

Eekles and Shaw (4) called attention to the fact that, milk from cows 
late in lactation becomes bitter on standing. Palmer (16) (17) attributed 
this bitterness to the fatty acids liberated by the increased amount of 
lipase in the milk at the end of the lactation. Rogers (25), Rogers, Berg 
and Davis (26), Rice and Markley (21), Virtanen (37), Supplee (33), 
Nair (15), Dorner and Widmer (3), Sharp and de Tomasi (30), and 
others, have found that normal milk contains some lipase. Hammer and 
Bailey (6) and Koesller, Roadhouse and Lortselier (12) called attention 
to the relation between bitter flavor, end of lactation, and milk high in 
chloride. The actual ratio of chloride to lactose was found to affect flavor 
by Gabathuler (5), Roadhouse and Koestler (24) and Roadhouse and 
Henderson (23). 

In general, the more severely the milk secreting mechanism is injured 
by disease, or the longer a relatively small amount of milk is held in the 
udder, the more nearly the composition of the milk approaches that of 
the blood. This is evidenced by changes in the following milk constituents 
as shown Storch (31) (32) Trunz (34), Eekles and Shaw (4), Koestler 
(10) (11^ (13) and others: catalase, pH, titratable acidity, proteins, fat, 
lactose, pigments, sodium, potassium, calcium, phosphates and chloride: 
some exceptions occur. Colostrum milk has a relatively high titratable 
acidity, phosphate, and calcium content and a low pH. Both late lactation 
and mastitis milk show some of the same changes in composition and 
therefore respond alike to many tests for abnormality. 

Many of the changes listed above have been suggested as a means of 
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recognizing abnormal milk. Hoyberg (8) found that the determination 
of the reaction (pH) of the milk color imetrically with rosalic acid was 
a suitable method for recognizing the milk diseased udders. Baker and 
Van Slyke (2) studied the determination of the pH of abnormal milk 
colorimetricaily and Baker and Breed (1) after comparing the use of 
rosalic acid, brom thymol blue, and brom cresol purple, recommended 
the latter. Brom thymol blue is now a more popular indicator, the use 
of which in detecting mastitis milk has been studied by Rosell (27), Udall 
and Johnson (35), Hucker, Trudell and Jennings (9), Plastridge and 
Anderson (18), and others. This test is often positive (greenish-blue) for 
late lactation as well as for maslitis milk, and as recorded by Plastridge 
and Anderson colostrum milk also changes this indicator to a greenish- 
blue color. The latter effect is due to an indicator error, since colostrum 
milk is notably low in pH. Gabathuler (5) suggested the use of the 
decrease in lactose, and Hammer and Bailey (6) the increase in chloride, 
determined by direct titration. Ivoestler (10) and his coworkers used 
what they called the chloride-lactose number which is 100 times the quo- 
tient obtained by dividing the amount of chloride by the amount of lactose 



I'M. 1. Factors influencing the accuracy of the direct titration of milk for chloride, 
A, amount of indicator; B, dilution of the sample; C, acidity of the milk; X>, amount of 
chloride as determined by ashing and by direct titration. 
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in the milk. The quotient changes proportionately more than either alone. 
Rosell (27) used changes in pH, chloride, catalase, and lactose to detect 
mastitis milk. Kullmann (28) and others found the leucocyte determina- 
tion well adapted for the recognition of mastitis milk. 

The direct titration of milk for chloride seems to be the simplest of 
the quantitative methods for the recognition of abnormal milk. Richmond 
(22) described the direct titration of milk with silver nitrate, using potas- 
sium chromate as an indicator, as a method for the detection of added salt. 
Hammer and Bailey (6) found that the values were uniformly about 0.026 
per cent too high (Fig. 1, Part D), due to the effect of casein. Poetschke 
(19) (20) and Van der Burg and Koppenjan (36) criticized the direct 
titration method because of this error and the possible variation in it 
due to differences in protein. The data of Hammer and Bailey as plotted 
in Figure 1, Part D, show a definite linear relation, with only slight 
deviations, between the chloride determined by ashing and by direct titra- 
tion of the milk. The variations due 1o the difference in protein would 
usually not be over ±:J0.005 per cent of titratable chloride, except with 
colostrum milk. These considerations indicate that the direct titration of 
milk with silver nitrate would serve as a practical method for indicating any 
appreciable variation in chloride content. Rather than apply a correction 
factor, it is suggested that results obtained in this way be called direct 
titratable chloride values , bearing m mind that the true chloride content 
of the milk is less. 

EXPERIMENTAL 
Method of titrating 

The procedure used in this paper was to transfer 18 grams of milk 
with a Babcock pipette to a 400 cc. beaker, add 2 cc. of a 10 per cent 
solution of potassium chromate, and titrate to a definite orange-red color 
with silver nitrate solution (8.624 grams per liter) of such a concentration 
that 1.00 ce. corresponded to 0.01 per cent of chloride in 18 grams of 
milk. Duplicate determinations usually fall within a range of ±: 0.20 cc. 

Some of the variations in titration procedure which influence the 
results were studied and are shown graphically in Figure 1. Part A 
shows that as the amount of indicator is increased the direct titratable 
chloride ,alue rapidly decreases until about 1.5 cc. of potassium chromate 
has been added, and from then on an increase in indicator produces only 
a slight decrease in the value. Part B shows that the chloride value 
increases progressively with increasing dilutions of the milk. The effects 
of dilution and the amount of indicator show that liberties cannot be taken 
with the details of the titration if one expects to obtain comparable 
results. 

It is well known that this method of titrating chloride does not work 
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if the solution is too acid. The pH limits below which the method ceases 
to be reliable were determined and are shown in Part C. The acidity in 
one case was produced by bacterial souring, in the others by the addition 
of nitric acid. Acidity causes no error so long as the milk has not curdled. 
If the milk has curdled two procedures are open, one the neutralization 
of the developed acidity and the other the addition of more potassium 
chromate indicator. If the latter procedure is followed 0.003 or 0.006 
per cent should be added to correct for the effect of increasing the amount 
of indicator to 3.0 or 4.0 cc. It might have been better if 3.00 cc. of 
indicator had been selected for the standard procedure, but in order to 
make all of our data strictly comparable 2.00 cc. is still used. 

The use of a yellow light lowers the end point somewhat, but does not 
appreciably sharpen it. Adsorption indicators wore much less satisfactory 
than potassium chromate. 

Morning and Evening Milking 

Samples were taken from cows which were milked three times a day; 
at 5 a.m., 1 p.m., and 7 p.m. Only samples from the milkings at 5 a.m. 
and 7 p.m. were examined. On August 5, 1933, the milk from 29 cows was 
titrated ; in 26 pairs the morning milk was the higher by the average amount 
of 0.007 per cent. On August 8, 1933, the milk from 40 coays was ex- 
amined; in 39 pairs the morning milk was the higher; the average differ- 
ence being 0.006 per cent. The cow which was the exception gave evening 
milk which was 0.001 per cent higher than the morning milk. This same 
cow was one of the ‘three exceptions on August 5. The longer period 
between milkings in the case of the morning milk may account for the 
higher chloride value. 

Sharp and de Tomasi (30) have presented a table showing the direct 
titratable chloride values of morning and evening milk obtained on succes- 
sive days from a number of producers. The samples obtained from each 
producer were quite uniform unless the chloride value was high, in which 
case the value fluctuated greatly. This was probably due to cows which 
were milked once a day, some producers milking them in the morning, 
others in the evening. Variations in the severity of mastitis might also 
have played a part. \ f 

Udder Quarters and Fraction of Total Milking 

Samples from the first, middle, and last portions of milk drawn from 
each of the four quarters of the udders of a number of cows were titrated. 
Data were obtained on three groups of cows; (1) normal in mid-lactation, 
(2) normal at the end of .lactation and (3) cows in mid-lactation haying 
mastitis. Eesults typical of the three types are presented in Table 1. 
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It will be noted that the chloride values of the milk from normal cows 
in mid-lactation are relatively low, and that the differences between the 
first, middle and last milk and between the different quarters of the udder 
are approximately within the experimental error of the titration method. 

The uniformity between quarters and fractions of milk drawn tends to 
extend to the normal milk from cows late in lactation except the chloride 
values are higher. Some variation in the chloride content between the 
different quarters would be expected in late lactation since ail quarters may 
not dry up at the same rate. The cows in late lactation were given a physi- 
cal examination by a veterinarian to determine to what extent the high 
chloride values might be due to mastitis. Of special interest are the left 

TABLE I 

Examples of the direct titratahle chloride values of the first (F), middle (M) and , last 
( L ) portions of milk drawn from each quarter of the udders of normal , late 
lactation and mastitis cows 




| LEFT 

| RIGHT 

NUMBER 

PORTION 

Front 

% 

Rear 

% 

Front 

c /f> 

1 Rear 

| % 

1 

F 

Normal Milk 

1 0.099 1 0.101 

0.099 

0.101 


M 

0.095 1 

0.099 

0.101 

0.100 


L 

0.102 

0.106 

0.099 

0.106 

o 

F 

0.089 

0.094 

0.090 

0.090 


M 

0.089 

0.091 

0.091 

0.090 


L 

0.091 

0.092 

0.093 

0.090 

3 

F 

0.099 

0.098 

0.099 

0.101 

' 

M 

0.101 

0.098 

0.098 

0.101 


L 

0.101 

0.099 

0.098 

0.101 

4 

F 

0.103 

0.104 

0.106 

0.105 


M 

0.103 

0.104 

0.105 

0.105 


L 

0.103 

0.105 

0.105 

0.104 

5 

L; 

F 

ate Lactation 
0.120 

Milk 

0.128 

0.128 

0.125 


M 

0.123 

0.129 

0.127 

0.125 


L 

0.125 

0.126 

0.128 

0.127 

6 

F 

0.172 

0.139 

0.162 

0.174 


M 

0.128 

0.133 

0.134 

0.159 


L 

0.130 

0.131 

0.138 

0.160 

7 

F 

0.143 

0.212S 

0.131 

0.138 


M 

0.148 

0.148 

0.135 

0.137 


L 

| 0.153 

0.153 

0.150 

0.141 

8 

F 

0.223 

0.237D 

0.212 

0.1 53D 

M 

0.194 

0.166 

0.222 

0.166 


L 

0.211 

0.177 

0.230 

0.178 

0 

F 

0.1868 

0.165S 

0.174S 

0.1048 

m 

M 

0.157 

0.157 

0.143 

0.148 

L 

0.139 

0.134 

0.144 

0.148 

10 

F 

0.192 

0.187 

0.217 

0.185 

M 

0.192 

0.187 

0.200 

0.187 


L 

0.199 

0.189 

i 


0.188 
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TABLE I — (Continued) 


. 

cow 

NUMBER 

PORTION 

| LKIPT 

| BIGHT 

Front 

% 

Rear 

% 

Front 

% 

Rear 

% 



Mastitis Milk 



11 

F 

0.166 

0.183 

0.235 

0.181 


M 

0.129 

0.166 

0.177 

0.141 


I, 

0.142 

0.197 

0.257 

0.161 

12 

F 

0.136 

0.182 

0.139 

0.114 


M 

0.115 

0.141 

0.132 

0.115 


L 

0.126 

0.153 

0.142 

0.125 » 

13 

F 

0.275 

0.256 

0.187 

0.295 


M 

0.121 

0.118 

0.116 

0.120 


L 

0.132 

0.119 

0.119 

0.122 

14a 

F 

0.143 

0.120 

0.101 

0.100 


M 

0.105 

0.104 

0.098 

0.098 


L 

0.126 

0.122 

0.100 

0.100 

14b 

F 

0.170 

0.127 

0.098 

0.101 


M 

0.104 

0.102 

0.095 

0.095 


L 

0 115 

0.112 

0.094 

0.096 

14e 

F 

0.132 

0.110 

0.107 

0.109 


M 

0.107 

0.108 

0.100 

0.102 


L 

0.130 

0.121 

0.101 

1 0J03 


S = slight mastitis. D = distinct mastitis. 

front and right front quarters of cow number 8. The chloride was higher 
in these two quarters than in the other two, yet these quarters did not show 
evidence of mastitis, while the other two showed distinct evidence of it. The 
chloride content, even though high, was fairly uniform in the three parts 
of the milk drawn from these two non-mastitis quarters. 

The cows in the mastitis group were in the middle of lactation. The 
milk from cow 14 was titrated on three successive days, as indicated by 
a, b, and c. Kight front and rear quarters were free from mastitis, the 
other two showed evidence of it. The chloride values in the two mastitis 
quarters fluctuated considerably from day to day and in the different por- 
tions of the milk. 

Ordinarily the first and last milk drawn from quarters infected wdth 
mastitis is high in chloride and pH, and low in titratable acidity, while the 
middle milk is often normal in chloride, pH and titratable acidity. A few 
exceptions were found when production was very low and when the milk 
was stringy. This lack of uniformity usually permits one to distinguish 
cows giving milk high in chloride due to mastitis from those giving high 
chloride due to late lactation. The fraction of the milk drawn is impor- 
tant in testing for mastitis. In several of the mastitis group of cows, if 
first milk drawn were tested, very severe mastitis would be indicated, wh$l 
if the middle milk alone were examined the report might be that the chlo- 
ride, pH, and titratable acidity tests for mastitis were negative. The first 
streams should be selected in testing for mastitis. 
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Stage of Lactation 

During the years 1932 and 1933 the milk from a number of healthy 
cows was titrated monthly for chloride. In the group were included 13 
Jerseys, 8 Guernseys, 15 Holsteins, 4 Brown Swiss, 5 Ayrshire and 4 Short- 
horns. In all 326 samples were examined. The cows were examined regu- 
larly by veterinarians and all samples from cows showing active mastitis 
were eliminated. Furthermore if the chloride values began to increase un- 
expectedly, and later active mastitis was recognized, the data from such 
cows were excluded. This observation in regard to the detection of mas- 
titis agrees with that of Koscll (27) who found that the early stages can be 
detected best by chemical and less readily by bacteriological means. In 
Figure 2 the titratable chloride values are plotted against the fraction of 
the total lactation period. 



Fio. 2. Fraction of the lactation period and the direct titratable chloride value of 
the milk of different breeds. 
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Colostrum milk gave quite high chloride values, but the value fell 
rapidly so that at the end of one to two weeks a minimum was reached. 
The chloride increased very slowly during the next 60 per cent of the lac- 
tation period and from there on more rapidly until a very abrupt rise oc- 
curred after 90 per cent of the period of lactation had been completed. The 
data indicated by circles were obtained from one or two cows. These cows 
were repeatedly pronounced free from mastitis. They were outstandingly 
hard milkers. 



MiLK PRODUCTION PC* OPT Pi POUND* 

Fig. 3. Daily production of milk and the direct titratable chloride value of the ™nir 
of different breeds. 
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Production 

In Figure 3, the direct chloride titration values are plotted against the 
average daily production. The results show a striking relation between the 
two factors. The chloride values begin to rise rapidly after the production 
falls below about 15 pounds for the Jerseys and Guernseys, and below about 
25 pounds for the Holsteins. This relationship is of service as indicating 
whether high chloride values are due to late lactation or to a diseased con- 
dition in the udder. The importance of the relation to production was 
shown by a Holstein cow which still gave about 25 pounds of milk after 
being milked continuously for about five years. The chloride value was 
0.13 per cent. 

Breed Difference 

The data indicate quite clearly that Holstein milk tends to be higher in 
chloride than does Guernsey or Jersey milk. This is probably a true breed 
difference and is not due to a systematic error, since the known errors point 
in the reverse direction. The interfering proteins are higher in the Guern- 
sey and Jersey milk. The cows had all been scored for severity of mastitis 
according to a system devised by Ihiall and Johnson (35) on a basis of 1 to 
4, the score 1 indicating little or no evidence of mastitis and 4 indicating the 
active condition. According to this classification the average scores were 
as follows: Guernsey 1.96, Jersey 1.93 and Holstein 1.73. Sharp (29) re- 
ported a correlation pf -0.603 dt 0.013 between titratable acidity and titra- 
table chloride content of over 1000 samples of market milk. This correla- 
tion is in line with the breed difference, but was undoubtedly influenced by 
the presence of milk from cows late in lactation and having mastitis. 

Effect of Gestation 

The effect of gestation on the chloride value is shown in Figure 4. The 
chloride is plotted against the months of gestation in Part D, and the 
expected increase with gestation is shown. The same data are plotted 
against months of lactation and give a curve which is more irregular be- 
cause of the variation in the lactation periods. The curves in Part B indi- 
cate that although the chloride content increases as the lactation period 
advances, the progress of gestation tends to negate, to some extent, the in- 
crease in titratable chloride. This effect is also indicated in Paris A and C. 
At the same level of production the chlorides are lower the more advanced 
the period of gestation. This result suggests the possibility that the chlo- 
ride content of the blood of the cow might decrease as the gestation ad- 
vances. Such a decrease in chlorides in the blood would be in line with the 
increase in blood volume as found by Miller (14). Other explanations such 
as a change in the secreting mechanism in the udder are possible. 
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Fig. 4. Period of gestation and the direct titratable chloride value of the milk. 

SUMMARY AND .CONCLUSIONS 

The following statements refer to the chloride value of milk as deter- 
mined by the direct titration of the milk with silver nitrate, using potassium 
chromate as an indicator. 

1. The direct titratable chloride value of milk was found to increase 
with the dilution of the milk and with decreased amounts of indicator. As 
the acidity of the milk increased, no influence upon the end point was found 
until after the casein had coagulated. 

2. Differences between normal morning and evening milk were slight. 

3. The fraction of the total milking of the quarter of the udder and the 
different quarters themselves had little effect on the chloride values of the 
normal milk from healthy cows. 

4. The first and last milk drawn from quarters infected with mastitis 
was high in chloride and pH and low in titratable acidity, the middle por- 
tion often approached or fell within the range of normal mastitis-free milk. 
Wide variations were found between the different quarters in the case of 
cows infected with mastitis. 

5. The chloride in milk from healthy cows fell very rapidly during the 
first few days of lactation, reached a minimum, increased slightly during 
the first 60 per eent of the lactation period, and then increased more rapidly, 
particularly during the last 10 per cent of the period. 
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6. A definite relation was found between the chloride value and the 
daily production of milk from healthy cows. A marked increase in chloride 
began when the production of Jersey and Guernsey cows fell below 15 
pounds, and when the production of Holstein cows fell below 25 pounds of 
milk a day. 

7. The milk from healthy Holstein cows tends to be higher in chloride 
than does the milk from healthy .Jersey and Guernsey cows. 

8. Gestation exerts a negating tendency on the increase in chlorides due 
to progressive lactation. 
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THE ADVANTAGES OP SKIM-MILK AGAR FOR THE DETERMI- 
NATION OF THE SANITARY QUALITY OF 
MARKET MILK 
C. E. SAFFORD and C. N. STARK 

State Food Laboratory , Department of Agriculture and Markets, Albany, New York, 

AND 

Laboratory of Bacteriology, Department of Dairy Industry, Cornell University, 

Ithaca, New York 

Attention was called by Sherman (1) to the advantages in using an agar 
containing a fermentable carbohydrate in the bacteriological control of 
market milk. He presented data which showed that the colonies of bacteria 
normally present in milk were two to ten times larger on lactose agar than 
on plain agar. He made comparative bacterial counts on plain and lactose 
agar which showed an average increase, in favor of lactose agar, of 43 per 
cent on raw milk and 378 per cent on pasteurized milk. Sherman men- 
tioned that “glucose is apparently just as efficient as is lactose, both as to 
number and size of colonies,” and that “since glucose is cheaper it should 
perhaps be recommended as the standard for routine work.” He also sug- 
gested that the amount of sugar could be reduced to 0.1 per cent “without 
impairing the value of the medium.” Simmons (2), and others, have con- 
firmed Sherman's findings. 

Ayers and Mudge (3) suggested a milk powder agar for use in deter- 
mining the numbers and kinds of bacteria in market milk and other dairy 
products. They found that milk powder agar gave from 3 to 75,000 per 
cent higher counts than those obtained on plain agar. The colonies were 
larger and consequently could be counted with greater ease and accuracy. 
The casein agar reported by Ayres (4) was found to be unsatisfactory 
unless incubation periods longer than two days were employed. 

The modification of milk powder agar suggested by Zoller (5) was 
found by Norton and Seymour (6) to be a definite improvement. This 
modified milk powder agar gave higher counts than any other medium 
tested by these workers, but it was criticized because of the complicated 
procedure involved in its preparation. 

EXPERIMENTAL 

The results here reported include data obtained on approximately 760 
samples of milk taken from the milk supply of 250 dealers located in vari- 
ous parts of the State of New York. These milk samples were taken three 
times during the year at periods representing winter, spring, and summer 
conditions. The samples of milk were plated in duplicate, in dilutions of 
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1-100 and 1-1,000, on standard nutrient agar and on a milk agar having 
the following composition : 


Fresh raw skim milk 
Bacto peptone 
Bacto beef extract 
Glucose . .. 

Agar 


2.0 per cent 
0.5 per cent 
0.1 per cent 
0.1 per cent 
1.5 per cent 


This medium is a modification of one employed with good results by 
J. M. Sherman (unpublished data) almost twenty years ago, in which he 
used 0.2 per cent skim milk powder, 1 per cent peptone, and 1.5 per cent 
agar: In the medium here reported, skim milk was used instead of milk 
powder with the belief that it would be more uniform in consistency, freer 
from sediment, and would give uniformly high bacterial counts. Small 
amounts of beef extract and glucose were added on the assumption that 
they might improve the nutritive value of the medium, and support the 
luxuriant growth of certain types of bacteria which, in the absence of these 
constituents, might grow very poorly or not at all. A medium of the above 
composition is simple, easily made, and should cost as little or probably less 
than the present plain agar suggested by Standard Methods. 

Ayers and Mudge (3) say 4 'attempts to make a medium by using 
skimmed milk, with its casein dissolved, and adding peptone and beef 
extract were not successful.” If much larger amounts of skim milk, or 
phosphate buffers, are added to the medium, precipitation will occur. The 
required amounts of glucose and skim milk may be added to the adjusted, 
autoclaved, and filtered nutrient medium just previous to its final sterili- 
zation. If the medium previous to the addition of milk is adjusted to pH 
7.0, the reaction of t he t completed medium will be approximately pH 6.5. 
If thought advisable, the pH could be raised by the addition of sodium 
hydroxide. 

Table 1 shows the general trend of the results obtained from the com- 
parative counts made on the three sets of samples. These data are reported 


TABLE 1 

Average percentage increase in favor of sJcim-miUc agar 'between counts made on standard 
agar and on shim-milk agar 


KIND OF MILK 

WINTER SAMPLES 

FEB 6-7 

SPRING SAMPLES 
MARCH 28-29 

SUMMER SAMPLES 
JUNE 6-7 

No. 

tested 

Per cent 
increase 

No. 

tested 

Per cent 
increase 

No. 

tested 

Per cent 
increase 

Pasteurized . . 

221 

127 

199 

351 

198 

196 

Bow 

i 25 • 

5 

56 

16 

56 

18 


separately because of the extreme differences in temperature when the tests 
were made. Many extremely high counts were observed during the warmer 
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weather. Frequently neither set of plates could be accurately counted on 
the highest dilution used, which probably tended to obscure many of the 
existing differences in counts. On the average, the skim-milk agar count 
on pasteurized milk was two to four times as large as the corresponding 
count on standard agar. A slight increase in favor of skim-milk agar was 
also observed on the smaller number of samples of raw milk tested. 

The presence in pasteurized milk of certain bacteria which are unable 
to grow on standard agar is the obvious reason for higher counts on skim- 
milk agar. That varying numbers of such bacteria are often found in pas- 
teurized milk is well known. Probably the presence of these types of 
bacteria explains the results reported in Table 2. 

TABLE 2 

Some striking differences in counts from pasteurised milk on standard agar and on skim- 

milk agar 


NUTRIENT AGAR COUNT 

SKIM-MILK AGAR COUNT 

DIFFERENCE IN FAVOR OF 
SKIM-MILK AGAR 

7,900 

i 

1,230,000 

Per cent 

15,470 

2,400 

73,500 

2,962 

29,900 

815,000 

2,626 

2,100 

57,300 

2,152 

5,000 

46,500 

730 

14,900 

117,000 

685 

19,500 

119,000 

510 

28,500 

123,000 

332 

2,400 

9,300 

287 

3,500 

10,300 

190 


It will be observed from the distribution of percentage differences re- 
ported in Table 3 that 60 per cent of the 608 pasteurized milk samples 
showed a definitely higher count on the skim-milk agar ; about 35 per cent 


TABLE 

Relative distribution of percentage differences in counts from pasteurised milk on plain 
agar and skim-milk agar , using plain agar as standard 


RANGE IN PERCENTAGE 

NUMBER OF SAMPLES 

- 26 per cent to — 60 per cent 

28 

-25 per cent to - 1 per cent 

70 

0 per cent to 25 per cent 

145 

26 per cent to 200 per cent 

274 

201 per cent to 500 per cent 

50 

501 per cent to 2000 per cent 

33 

2001 per cent to 5000 per cent 

5 

Over 5000 per cent 

3 


Total ... 608 
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gave approximately the same count (- 25 per cent to + 25 per cent) ; and 
less than 5 per cent of the samples tested gave a lower count on the skim- 
milk agar. It is obvious that the difference between the counts on different 
samples is far from consistent. This very inconsistency brings out most 
clearly the advantages of the skim-milk medium. 

Since logarithms of bacterial counts tend to minimize small differences 
which might be considered significant and also offer an opportunity to 
present large groups of data in a small space, the logarithms of the bac- 
terial counts for each period have been plotted in Figures I, II, III, and IV. 



Fig. I. The logarithm of the number of bacteria in pasteurised millc which grew on 
standard agar and on Bkim-milk agar. 

The standard agar counts are plotted on the diagonal line. 

Samples taken February 6 and 7. 

If the skim-milk agar count exceeds the plain agar count, its logarithm 
appears above the diagonal line ; if it is less, it appears below this line. The 
distance vertically from each dot to the diagonal line represents a single 
logarithmic difference. In certain cases, several of these differences are 
plotted on the same vertical line. This means that the standard agar counts 
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on several samples were the same, whereas the skim-milk agar counts varied. 
Each dot represents one skim-milk agar count. The logarithms of these 
comparative counts on pasteurized milk appear in Figures I, II, and III. 
A glance at these graphs shows that the hulk of the skim-milk agar counts 
are higher than the standard agar counts. The logarithmic differences on 
certain samples are conspicuous. The general trend of the three charts is 
similar, although the counts on both media tend to be higher as warmer 
weather approaches. 



Fig. II. The logarithm of the number of bacteria in pasteurised milk which grew on 
standard agar and on skim-milk agar. 

The standard agar counts are plotted on the diagonal line. 

Samples taken March 28 and 29. 

Because of the small numbers of raw milk samples tested, the results for 
the three periods are presented together in Figure IV. The logarithmic 
differences in these counts on raw milk are believed to be of but little 
significance. 

These data have been analyzed according to the percentage difference in 
counts, based on logarithmic averages as employed by Robertson and 
Frayer (7). The logarithmic averages of the standard and skim-milk agar 
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counts on pasteurized milk and the percentage differences calculated from 
these averages are presented in Table 4. Similar calculations were made 

TABLE 4 

Theoretical percentage differences in counts from pasteurised milk based on logarithmic 

averages 



] LOGARITHMIC AVERAGES 

DIFFERENCE 


SKIM-MILK 

AGAR COUNTS 

STANDARD 

AGAR COUNTS 

IN COUNTS : 
PERCENTAGE 

Winter samples 
Feb. 0-7 . . 

3.787 

3.585 

Per cent 

59 

Spring samples 
Mar. 28-29 . 

4.024 

3.804 

66 

Summer samples 
June 6-7 

4.616 

4.366 

78 



Fid. III. The logarithm of the number of bacteria in pasteurised milk which grew 
on standard agar and on skim-milk agar. 


The standard agar counts are plotted on the diagonal line. 
Samples taken June 6 and 7. 
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Fig. IY. The logarithm of the number of bacteria in raw milk which grew on 
standard agar and on skim-milk agar. 

The standard agar counts are plotted on the diagonal line. 

Samples taken February 6 and 7 ; March 28 and 29; and June 6 and 7. 

on the raw milk data, but were found to have but little significance. For 
each set of logarithmic averages the percentage difference in count was 
calculated from the theoretical plate counts corresponding to these aver- 
ages. This is illustrated for the spring samples of pasteurized milk : 

Logarithmic average of skim-milk agar count is 4.024, 
which is equivalent to 10,570 bacteria per cc. 

Logarithmic average of standard agar count is 3.804, 
which is equivalent to 6,370 bacteria per cc. 

10,570 - 6,370 x = qq p er cen t theoretical percentage 
6,370 difference in counts. 

So great a percentage difference in counts, when based on logarithmic 
averages, is believed to be truly significant. 




546 


C. E. 6AFF0RD AND C. N. STARK 


SUMMARY 

The fermentable carbohydrates and other milk constituents in skim-milk 
agar make it a desirable medium to use in the routine control of market 
milk and other dairy products. 

The skim-milk agar counts on 618 samples of pasteurized milk were, on 
the average, two to four times as large as the corresponding counts on 
standard agar. The counts on 187 samples of raw milk were only slightly 
higher. 

The colonies were much larger and consequently could be counted with 
greater ease and rapidity. 

The slight opacity of the medium prevents the glare often experienced 
when artificial lighting devices are used. Acid-producing and protein- 
digesting types of bacteria can be differentiated on this medium. 

It supports the growth of bacteria responsible for mastitis in cows. 

It is simple and easy to make and no more expensive than the present 
standard agar. 
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VITAMIN' A CONTENT OF PASTURE PLANTS 

11. TIMOTHY ( PHLEUM PRATENSE L.) AND RED TOP 
(AGROSTIS ALBA L.) TINDER PASTURE CON- 
DITIONS AND FED GREEN* 

ELLA WOODS, F. W. ATKESON, HARRY WELLHOUSEN, and 
R. F. JOHNSON 

Idaho Agricultural Experiment Station , Moscow , Idaho 

The public constantly demands higher quality in dairy products, and 
progressive dairymen attempt to meet such demand. In recent years, be- 
cause of the consumer’s interest in the vitamin content of milk, investi- 
gators, and even some commercial milk producers, have tried by various 
methods to fortify the vitamin content of milk. After studying the prob- 
lem, Krauss (12) summarized the situation as follows: “Vitaminization and 
mineralization of foods probably can not be justified except where natural 
foods fail to furnish these vital factors. This is especially true of milk .’ 1 

Although there is considerable sentiment against making milk a “drug 
store product” by adding material to it, nevertheless, public demand will 
insure continued interest in milk of high vitamin content whether produced 
from natural feeds or treated in some manner. 

Milk, butter, and cheese arc important sources of vitamin A in the 
human diet. Many investigators have suggested that the vitamin A con- 
tent of milk might be greatly influenced by the vitamin A content of the 
feeds consumed by the cow. In a previous paper from this station (23) 
some of the earlier results published on this subject were reviewed. Later 
investigations (1, 3, 4, 6, 13, 14) have confirmed this conclusion. It has 
been shown by Moore (19) that the cow is capable of converting the caro- 
tene in her ration into vitamin A, but the daily output of carotene and 
\itamin A in the milk fat is very small compared with the carotene intake, 
never exceeding that of normal summer butter regardless of the amount in 
the feeds consumed. Baumann, Steenbock, Beeson, and Rupel (2) report: 
“When the carotene intake of the cow was increased, there was an increase 
in both the carotene and vitamin A content of the butterfat. Calculations 
indicated that 3.3 per cent of the vitamin A ingested on a low carotene 
ration was secreted into the milk ; on a high carotene ration only 1.3 per 
cent was secreted.” 

In the past, vitamin A has not been considered a limiting factor in the 
well-being of cattle, but more recent results indicate that under some con- 
ditions it may be. Hart and Guilbert (9) report vitamin A deficiency in 
range cattle under natural conditions. Deficiency developed when the dry 

* Published with the approval of the Director a a Eesearch Paper No. 136, of the 
Idaho Agricultural Experiment Station. 
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feed season was unusually prolonged. Manifestation was more severe when 
the diet was otherwise complete and supplied in amounts above mainte- 
nance. Reproductive failure and dead, weak, or sick calves were the most 
common results. 

Meigs and Converse (15) conclude from their experiments that “In the 
case of liberally milking cows fed on grain and hay or on grain, hay, and 
silage, without pasture, the ration is likely to be deficient in vitamin A 
unless it contains a large proportion of legume hay of good quality. Young 
calves from birth to the age of six months are highly susceptible to A de- 
ficiencies.” The same authors (14) report that when timothy hay of medi- 
ocre or low quality was fed to dairy cows reproduction was reduced, general 
health of the cows lowered, milk production decreased, and pregnancy was 
produced with more difficulty. 

Woodward and Nystrom (24) in their bulletin on feeding dairy cows, 
point out that vitamin A is the vitamin most likely to be deficient in the 
ration of the dairy cow, and that as a result of this deficiency cows may 
give birth to weak, dead, or premature calves. They believe the quantity 
of milk will not be reduced so much as the vitamin A value. Because of 
the reserve supply rn the liver, the cows themselves may go for months 
without showing the bad effects of the deficient ration, but calves fed the 
milk from such cows will cease to grow and soon will die if they are not 
given supplementary feeds rich in vitamin A or carotene. 

Storage of vitamin A in the body of the cow may be sufficient to take 
care of other body functions for several months, but Hilton, Hauge, and 
Wilbur (11) found that as far as milk production is concerned the vitamin 
A value of butter responds very rapidly to changes in the vitamin A value 
of the rations fed to the cows and that it is possible to maintain a high 
vitamin A value in butter by practical feeding methods. Fraps, Copeland, 
and Treichler (8), however, from their study of the vitamin A require- 
ments of dairy cows conclude that : “silage and ordinary hays and fodders 
apparently will not supply enough vitamin A potency to maintain a high 
content of the butterfat. Green growing pasture grasses appear to be 
needed to maintain the production of butterfat high in vitamin A.” 

Dutcher (5) calls attention to the fact that the vitamin content of leafy 
plants and vegetables may be correlated with greenness, metabolic activity, 
and maturity. In discussing the growth response from vitamin A and its 
precursor, carotene, he sums up the problem as far as animal feeding is con- 
cerned as follows: “It is probable that we shall find that some of our so- 
called ‘vitamin A-rich’ foods are really quite deficient in this vitamin, per 
se, but that these foods are really rich in the parent substance, carotene. 
From the nutritional and clinical standpoints this fact need not cause con- 
cern so long as the fat-soluble factor is rendered available for the animal 
organism.” 



VITAMIN A CONTENT OF PASTURE PLANTS 


549 


Investigation of the vitamin A activity of the most common pasture 
plants seems justified because, first, the vitamin A activity of the feed con- 
sumed by the cow affects Ihe vitamin A activity of the milk and butter, 
which is important in human nutrition ; second, pasture represents the 
major portion of the cow’s feed during nearly half the year; and third, 
significant differences in the vitamin A activity of different plants may 
indicate consideration of this factor along with others in formulating pas- 
ture mixtures for dairy cows. 

Very little has been reported on the vitamin A activity of forages. In 
a previous paper from this Station (23), the vitamin A activity of w T hite 
clover (200 rat units per gram) was reported to be about twice that of 
Kentucky bluegrass. 

EXPERIMENTAL PROCEDURE 

The method used for determining the vitamin A content of these plants 
was based upon the technique of Sherman and Munsell (20). Young albino 
rats, 21 to 28 days old and weighing from 32 to 51 grams, were taken from 
mothers who had received a ration consisting of 62 per cent ground whole 
wheat, 30 per cent whole milk powder, 4 per cent wheat germ, 3 per cent 
powdered egg yolk, and 1 per cent iodized salt. These rats were placed on 
a basal vitamin A-free diet which consisted of 67 per cent cornstarch, 18 
per cent air-heated casein, 10 per cent dried yeast powder, 1 per cent 
sodium chloride, and 4 per cent salt mixture (Osborne and Mendel (17)). 

To free the ground commercial casein of vitamin A, it -was treated by 
the heat method suggested by Potter (18). Three hundred gram quanti- 
ties w’erc spread on shallow trays to a depth of } inch and heated in a 
Freas oven at 110° C. for seven days. The casein was stirred twice daily 
to secure better exposure. After heating it was washed twice with distilled 
water and allowed to dry. Vitamin D was furnished by feeding one drop 
of Mead’s Viosterol three limes a week. 

At the end of three weeks of the depletion period the rats were put in 
individual cages made of inch wire screen. From the time the rats were 
put in individual cages to the end of the depletion period they were weighed 
every other day. 

As soon as there was a cessation of growth or the first sign of ophthalmia 
(slight swelling of the eyelids and an accumulation of exudate on the 
cornea), usually accompanied by a barely perceptible tendency to flabby 
musculature and slightly unkempt fur, the depletion period was ended and 
the test period begun. 

Fresh green samples of timothy and red top under pasture conditions 
were received twice a week from the Caldwell Substation. To prevent 
moisture losses in shipping, the grass was wrapped in cellophane or paper 
fiftc-fr a and placed in paper cartons. Upon arrival, each sample was placed 
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in a half -pint Economy fruit jar and kept in the refrigerator. Practically 
all the samples consisted of basal foliage and contained very few stems. 
Timothy had an average moisture content of 68 per cent for all feedings, 
while red top contained 61 per cent moisture. 

The grasses were fed three times a week as supplements to the vitamin 
A-free diet. Timothy was fed at the rate of 10 and 12 J milligrams per day, 
while red top was fed at the rate of 10 and 7J milligrams. Litter mates 
were used for comparisons between grasses, and a negative control from 
each litter was continued on the basal diet until death. 

Weekly records of weights and food consumption, and careful notes on 
the condition of the animals were kept for eight weeks. The method of 
eye scoring was that used by Steenbock and Wirick (22) . All animals were 
autopsied at death or at the end of the experimental period. 

RESULTS 

At the beginning of the depletion period, the average weight of the rats 
in all groups was 42 grams, and at the end of the depletion period 98 grams. 
The average length of the depletion period w r as 26 days. 

Average growth response of the rats being fed each of the grasses is 
shown in Table 1 and Figure 1. The experiments here reported were 
planned and carried out on the basis of the eight-week test period used by 
Sherman and Munsell (20), but results are presented for periods of four 
weeks (28 days). A 1934 revision of the ''Text and Assays for Cod Liver 
Oil” of the Pharmacopoeia of the United States prescribes an official method 
of assay for vitamin A (16). Specifications for the depletion period, as- 
sembling of rats in groups, and recording of data are given. Concerning 
the validity of data the method reads as follows : . . . ‘ ‘ The data from an 
assay group shall be considered valid for establishing that an assay oil con- 
forms with the IT. S. Pharmacopoeia standard for Vitamin A in cod liver oil 
only when two-thirds or more but not less than six rats shall have made 
individually between the beginning day of the assay period and the twenty- 
eighth day thereafter an increase in body weight which shall equal or exceed 
12 grams . y * This rule has been used to establish the validity of data from 
an assay group for vitamin A potency of pasture plants. No rat which has 
not made a gain of 12 grams or more in four weeks has been used to estab- 
lish average performance of an assay group. The number of rats in each 
group and the number used in the average are indicated in the table. The 
results can not be expressed in International Units of Vitamin A*, however, 
because there are no data from a group fed a “ Reference Cod Liver Oil.” 
The value is calculated, therefore, in rat units per gram from the daily 
dose in milligrams which would give an average gain of 12 grams in 28 
days. 

Animals (10 rats) receiving 60 milligrams of timothy per week made 
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Fig. 1. Average weekly weight increases of rats, previously depleted of vitamin A, 
when fed either timothy or red top as a supplement to a vitamin A free diet. 

Average weekly losses in weight of negative control rats were computed each week 
by averaging the weight of all living rats as long as 50 per cent of the original group 
survived. The line was terminated by extending it directly from tho last week showing 50 
per cent survival to a point indicating the average survival days and average weight at 
death for the entire group. The broken line indicates that one or more deaths occurred 
during the week. 
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an average total gain in body weight of 26 zb 2 grains in four weeks. This 
would indicate that this grass contained 220 zb 13 rat units of vitamin A 
activity. The average total gain of the 10 rats fed 60 milligrams of red 
top per week was 37 zb 1 gram. This would indicate 308 db 10 rat units of 
vitamin A activity per gram in red top. 

The coefficient of variation in the group fed timothy, 60 milligrams per 
week, was 25 per cent,* while in the group fed red top, at the same level, 
was 16. The variability of these results compare favorably with the find- 
ings of Sherman and Burtis (21), who report that when the animals were 
classified by sexes the coefficient of variation was 32 per cent at the end of 
the fifth week at a vitamin intake level twice that needed for a growth 
response of 3 grams per week and 45 per cent at a level inducing 3 grams 
gain per week. 

At the other level on each grass, the great variation found within the 
group, together with the limited number of rats (less than six), would pre- 
clude conclusions from these groups other than to substantiate the dependa- 
bility of the levels used in interpreting results. 

The difference between the rat units of vitamin A activity in red top, 
308 units, and timothy, 220, was 88 units. The probable error of the differ- 
ence was 31 units, or the reliability of the difference may be expressed as 
88 db 11. Since the difference between the rat units in the t/wo pasture 
plants (88) was eight times the probable error of the difference, the differ- 
ence is a true one. 

In order that the results obtained may be compared with data reported 
on the basis of 24 grams gain in eight weeks, the average gain made by each 
group in eight weeks is given. When the average gain for the longer period 
is the basis used for calculating the rat units per gram, ail animals in a 
group are usually included whether or not they are gaining at the end of 
the test.’ All animals, therefore, are used in summarizing the eight-week 
averages. On the 60-milligram per week level the 12 animals fed timothy 
gained 39 zb 1.2 grams in eight w r eeks, indicating a value of 163 zb 5 rat 
units per gram; while the 12 rats on red top gained 48 zb 3.4 grams, or 
200 zb 15 rat units per gram. All the animals receiving 60 milligrams of 
red top per week were free of xerophthalmia at the end of four weeks and 
also at end of eight weeks. Only one of the animals of the group used with 
the timothy showed eye infection at four w r eeks, and this condition failed 
to clear by the end of eight weeks. One of the other rats included in the 
longer test group on timothy also failed to develop normal eyes. Post- 
mortem examinations of the animals at the end of eight weeks revealed some 
signs of infection, especially in the ear and nasal sinuses. The eight ani- 
mals used as negative controls survived an average of 15 days beyond the 
end of the depletion period and lost an average of 15 grams in body weight. 
Post-mortem examination of these animals showed that 3 had pus in the 



554 


WOODS, ATKESON, WELLHOUSEN AND JOHNSON 


nasal sinuses, all had pus in the inner ear, 2 had pus at the base of the 
tongue, 2 had congestion in the intestinal tract, and 1 had pus in the lymph 
glands. * 

DISCUSSION 

White clover and Kentucky bluegrass previously have been reported to 
contain 200 and 100 rat units, respectively, of vitamin A activity when com- 
puted from data covering a feeding period of eight weeks (23). When 
computed from gains made in the first four weeks, as used in this paper, the 
white clover contained 242 ±19 rat units and the Kentucky bluegrass 
175 ± 11. In comparable units, timothy with 220 ± 13 would rank be- 
tween bluegrass and white clover. Red top with 308 rfc 10 units contained 
about one-third more than even white clover. These results indicate that 
different pasture plants may vary considerably in their content of vitamin 
A activity. Although the 4 weeks test period seems to have some advan- 
tages over the 8 weeks period, it appears that higher vitamin A rating may 
be expected from the same feed level. 

The fact that red top contained about 50 per cent more rat units of 
vitamin A activity than timothy may be attributed to the possibility of a 
higher carotene content. Although no tests for carotene were conducted, 
and each grass was green when fed, some justification for this assumption 
is indicated by the fact that red top takes on a reddish east when mature 
while timothy does not. 

Although many writers have suggested that fresh green grass is proba- 
bly a potent source of vitamin A no other bio-assays have come to the notice 
of the writers. Fraps and Treichler (7) reported that samples of bur 
clover and Sudan grass dried in vacuum contained 200 and 150 units per 
gram, respectively, but no data were presented on the fresh green grasses 
as the cows consume them. 

Any loss of moisture would tend to concentrate other constituents in 
the grass samples and would probably indicate a higher vitamin A content 
than the original grass contained. Although some moisture was lost from 
the samples studied, the grass was still fresh and green when fed. The 
average moisture content of the timothy samples was 67.9 per cent and of 
the red top 60.5. These averages compare well with the average of 60.7 
per cent for 16 analyses of red top and 62.5 per cent for 88 samples of 
timothy, all analyses, and 75.8 for 5 samples, before bloom, reported by 
Henry and Morrison (10). 

The vitamin A activity of each of these four pasture plants is much 
higher than has been reported for most feeds or foods except some samples 
of fish liver oils. 

Fraps, Copeland, and Treichler (8) were unable to maintain high vita- 
min A activity in butter when cows were fed 116,000 rat units daily. They 
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suggested that fresh green grass was necessary in the diet of the cow in 
order to keep the vitamin content of the butter high. 

A dairy cow can easily consume 100 pounds of fresh green grass daily. 
If the grass contained 200 rat units of vitamin A activity per gram, the 
total intake of vitamin A activity per day would be over nine million rat 
units. It is not surprising that summer butter produced by cows fed un- 
limited quantities of fresh grass has been found to be usually higher in 
vitamin A activity than winter butter. 

CONCLUSIONS 

Results of this study indicate that the vitamin A activity of the tw T o 
pasture plants, timothy ( Phlcum pratense L.) and red top ( Agrostis alba 
L.), was 220 ±: 33 and 308 dt 10 rat units respectively, considering a gain 
of 32 grams in 4 weeks as representing one unit. Statistically, this is a 
significant difference. Compared with white clover (242 d= 19 units) and 
Kentucky bluegrass (175 dt 13 units) previously reported, timothy would 
rank between them while red top contained a third more units than even 
white clover. The content of vitamin A activity in these pasture plants is 
higher than has been reported for any feeds or foods. 
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STUDIES ON THE CHEMICAL COMPOSITION OF THE 
BLOOD OF DAIRY CATTLE 

I. THE EFFECT OF AGE AND PHOSPHORUS INTAKE ON THE 
CALCIUM AND INORGANIC PHOSPHORUS CONTENT 
OF WHOLE BLOOD OF DAIRY HEIFERS 

A. n. VanLANDING II AM, i H. 0. HENDERSON, 2 and G. A. BOWLING* 
West Virginia Agricultural Experiment Station , Morgantown , W. Va . 

The calcium and inorganic phosphorus content of the blood has been 
studied rather extensively in recent years in the diagnosis of phosphorus de- 
ficiency and in studies of mineral metabolism and disease. 

In a study of the effect of low-mineral rations on the growth and develop- 
ment of dairy heifers considerable data have been obtained on the effect of 
age and phosphorus intake on the calcium and inorganic phosphorus content 
of the whole blood of growing dairy heifers. 

The inorganic phosphorus is one of the constituents of the blood that is 
commonly t hought to be influenced by the amount of phosphorus in the diet. 
Many of the data leading to this conclusion have been secured on small labora- 
tory animals. However, Meigs, Blatherwick, and Cary (15), Blatherwick 
(4), Robinson and Huffman (20), and others have obtained results on dairy 
animals supporting this assertion. Theiler, Green and DuToit (24) were 
the first to produce an experimental “aphosphorosis” by feeding growing 
heifers rations low in phosphorus. They reported 5.2 mgs. of inorganic 
phosphorus per 100 mis. of whole blood for normal animals while the animals 
on the low-phosphorus rations were as low as 1.3 mgs. per 100 mis. Palmer 
and Eckles (18) reported low values for inorganic phosphorus in the blood 
of animals raised in a phosphorus deficient region. Malan, Green and Du- 
Toit (14) have shown that the blood of heifers grown on phosphorus deficient 
pastures is likely to be low in inorganic phosphorus. Results obtained by 
Henderson and Weakley (8) and Eckles and associates (5) show that when 
the phosphorus in the feed is lowered the inorganic phosphorus in the blood 
is decreased in a relatively short time. Meigs, Blatherwick, and Cary (15), 
Eckles and associates (5), and others have shown that the inorganic phos- 
phorus of the blood of animals on low-phosphorus rations may be raised to 
normal by supplementing the ration with sodium phosphate or by feeding 
normal fedSs high in phosphorus. 

Meigs 4md associates (15), Palmer and Eckles (17), and Henderson and 
Weakley (8) have reported age as a factor affecting the inorganic phosphorus 

i, a Departments of Agricultural Chemistry and Dairy Husbandry, respectively. 
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of the blood. Inorganic phosphorus was found to be fairly high in new-born 
calves and tended to increase, reaching a maximum at about six months of 
age. This maximum was followed by a gradual decline as the animals grew 
older. 

Meigs and coworkers (15) reported the concentration of calcium in the 
plasma of cows’ blood to be fairly constant. Palmer and Eckles (19) how- 
ever found it subject to significant fluctuations of an undertermined cause in 
spite of a high coefficient of correlation on successive days. 

Palmer and Eckles (18) obtained normal values for calcium when the 
inorganic phosphorus was much below normal. Supplementing the low 
phosphorus ration with calcium carbonate or sodium phosphate was without 
effect on the calcium content of blood plasma. 

Results obtained by Anderson, Oayley, and Pratt (1) indicate no notice- 
able difference in the calcium of the blood of young and mature animals. 
However, Henderson and Weakley (8) and Huffman and associates (12) 
have obtained some evidence that there is a slight diminution in the calcium 
concentration of heifers’ blood with an increase in age. 

With these points in mind it was thought desirable to make a further 
study of the effect of age and level of phosphorus intake on the calcium and 
inorganic phosphorus content of the blood of dairy heifers during the period 
of growth and to continue this study through the periods of gestation and 
first lactation. It seemed probable that much information might be gained 
as to the minimum requirement of phosphorus for such animals. This re- 
port covers the period of growth from birth to about 25 months of age. 

EXPERIMENTAL 

For this study three groups of grade Holstein heifer calves were used. 
One group was fed a normal ration while the others were fed rations low in 
phosphorus. 

The normal group consisted of seven calves and was fed a ration com- 
posed of timothy hay, corn meal, ground oats, wheat bran, and corn-gluten 
meal. The calcium and phosphorus were assumed to be present in sufficient 
amounts, as the ration is representative of those fed under practical farm 
conditions without any apparent harmful results. 

The first low-phosphorus group, Group A, consisted of five animals 
and was fed a ration composed of timothy hay, polished rice, corn-gluten 
meal, and beet pulp or wheat flour. This ration was much lower ,in its phos- 
phorus content than the ration fed the normal group but otherwise was very 
similar in its nutritive value. 

The second low-phosphorus group, Group R, consisted of four animals 
and was fed a ration similar to that fed Group A except that wheat gluten 
was used in place of corn-gluten meal as the principle source of protein for 
the first fifteen months. After the first fifteen months the animals in Gtonp 
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B were fed the same ration as were the animals in Group A. The wheat 
gluten supplied considerably more digestible crude protein in proportion to 
phosphorus than did the corn-gluten meal. As a result somewhat less phos- 
phorus was supplied in the ration fed the calves in Group B for the first 
fifteen months of the experiment. 

The timothy hay used would grade as U. S. No. 1 and was fed at the rate 
of about li pounds per 100 pounds live weight per day. The remainder of 
the digestible crude protein and total digestible nutrients required to meet 
the average of the Morrison feeding standard for dairy heifers w r as supplied 
by the respective grain rations fed each group. 

Feed Analysis 

Analyses of all feeds for moisture, ash, protein, ether extract, crude fiber, 
calcium, and phosphorus were made by the usual methods on composite sam- 
ples taken when new supplies of feed w r ere purchased. Whenever possible 
the average analyses w ere converted to the digestible basis by the dige v stibility 
coefficients for American feeding stuffs as given by Henry and Morrison 
(10) ; otherwise the digestibility coefficient of some closely-related feed was 
used. 

Feeding and Care of Animals 

The calves were fed whole milk until they were about six weeks of age, 
after w r hich they were gradually changed to skimmilk. The respective grain 
and hay rations were offered as soon as the calves would consume them. The 
skimmilk w^as gradually withdrawn from all groups and the calves trans- 
ferred entirely to the grain and hay rations at the age of six months. Feed 
and W’ater was offered tw'ice daily and an accurate account w T as kept of the 
amounts consumed. Salt was incorporated in the various grain rations at 
the rate of 1 pound in each 100 pounds of the grain mixture. 

The calves were housed in a well-lighted and ventilated experimental 
barn but were not exposed to direct sunlight. Each calf was kept in an 
individual pen of convenient size and fed separately. The animals were 
confined in their pens continuously except when they were removed to be 
weighed, measured, and photographed. Wood shavings were used as 
bedding. 

All animals were weighed and the height at withers was measured at 
weekly intervals. Weights and measurements were made at about the 
same hour each day in order to eliminate, as much as possible, the difference 
in weight due to feeding and watering. 

Methods of Blood Analysis 

Composite samples of whole blood were collected from all animals at 
monthly intervals according to the method previously described (9). 
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Trichloroacetic acid filtrates were prepared by adding dropwise, with vigor- 
ous stirring, 12.5 mis. of whole blood to 50 mis. of 10 per cent trichloracetic 
acid and the mixtures allowed to stand approximately 5 minutes, after which 
they were filtered through a No. 40 Whitman filter paper. With this amount 
of whole blood and trichloroacetic acid insufficient filtrate was obtained for 
triplicate determinations of both calcium and inorganic phosphorus in case 
the usual duplicate determinations did not check and additional filtrate 
was desired. 

Calcium was determined on 10-ml. aliquots of the trichloroacetic acid 
filtrate (equivalent to 2 mis of whole blood) according to the method 
described by Rothwell (21). 

Inorganic phosphorus was determined on 5-ml. aliquots of the trichloro- 
acetic acid filtrate according to the method of Fiske and Subbarow (6). 

Effect of Ration on Blood Composition 

In Table 1 is presented the average growth in weight and height at 
withers and the average daily consumption of digestible crude protein, total 
digestible nutrients, calcium, phosphorus and phosphorus consumed per 
100-pounds body weight by the animals in the various groups. 

Figure 1 shows the average amount of inorganic phosphorus in the blood 
of the animals in the various groups along with the average daily phosphorus 
consumption and the amount consumed per 100-pounds body weight of 
the animals. The average deviation of inorganic phosphorus from the mean 
for the entire period was .44 mg. per 100 mis. of whole blood for the normal 
group, .42 mg. for the low phosphorus Group A, and .50 mg. for the low-phos- 
phorus Group B. However, greater deviations than those given occurred in 
the case of the low-phosphorus groups for the period of 6 to 12 months of 
age. 

As a general rule blood analyses were started at about the second or 
third months of age. However, in the case of three animals in the normal 
group and two animals in the low-phosphorus Group B, the blood was not 
analyzed until after the animals were removed from skimmilk at 6 months of 
age. For the normal group, results of analyses for 5 animals normally fed 
but not a part of this experiment were included in the average results pre- 
sented up to 6 months of age. These animals were of the same breed and 
were confined to the experimental barn just as the animals regularly on this 
experiment. 

In the case of the animals fed the normal-phosphorus ration there was 
a slight increase in the inorganic phosphorus of the blood from the second to 
the fourth month, after which it remained fairly constant until about the 
tenth month was reached. After the tenth month there was* a gradual 
decrease as the animals grew older. 4 

The animals fed the low-phosphorus ration in Group A showed i slight 
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drop in the inorganic phosphorus of the blood for the third and fourth 
months, followed by a gradual rise until about the sixth month, after which 
there was a gradual decline until about the twentieth month was reached. 
During the twenty-first month the inorganic blood phosphorus rose to about 
the same level as that of the normal group followed by a gradual decline 
throughout the remainder of the period. 

The animals which were fed the low-phosphorus ration in Group B and 
which received the least amount of phosphorus for the first 15 months of the 
experiment, began showing a decline in the inorganic phosphorus of the 
blood after the third month, which continued until the animals were about 
12 months of age. At this time there was present on the average about 3,4 
mgr. of inorganic phosphorus per 100-mls. of whole blood, or about half as 
much as was present in the blood of the animals in the normal group. The 
inorganic phosphorus continued at a low level until about the eighteenth 
month, after which there was a gradual increase until at about the twenty- 
first month it had risen to approximately the same level as that of the normal 
group. It may be noticed in Figure 1 that Group B received slightly m6re 
phosphorus than did Group A during the last two 12-week feeding periods. 
The inorganic phosphorus of the blood was also slightly higher. This dif- 
ference was due largely to variations in the consumption of feed by the 
various animals. 

All the heifers on the low-phorphorus ration of Group B showed very 
definite symptoms of phosphorus deficiency from time to time when the 
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inorganic phosphorus of the blood was at a low level. However, there was a 
period of several weeks after the inorganic phosphorus of the blood was 
reduced below normal, before any physical symptoms were apparent. The 
exact time varied with the individual animals. The most pronounced 
physical symptoms of phosphorus deficiency w'ere stiffness in front and rear 
quarters, unsteadiness in walk, excessive nervousness when excited, and 
emaciated condition in general. One of these heifers began showing weak- 
ness and stiffness in front and rear quarters at about 13 months of age. She 
w T ent off feed and her condition gradually grew worse until at 14-J months of 
age she was unable to stand without assistance. It was observed that breath- 
ing became heavy and difficult when she was excited or exerted much effort. 
Often times she would bawl as though in pain. She was slaughtered at the 
age of 15 months. 

At no time did any of the animals in Group A show pronounced physical 
symptoms of phosphorus deficiency during the period under consideration. 
It may be seen in Table 1 that there was very little difference in the rate of 
growth of the animals in the various groups as measured by the rate of gain 
in body weight and height at withers. However, there was a tendency for 
the animals on the low phosphorus rations to show signs of loss of appetite, 
and to make irregular gains, but over the entire period the animals on the 
low-phosphorus rations made almost as much gain both in body weight and 
height at withers as did the animals in the normal group. 

In Table 2 are presented in summarized form the average amounts of 
calcium and inorganic phosphorus in the whole blood of the animals in the 
various groups. Age did not seem to have any appreciable effect on the 
calcium content of whole blood, whereas there was g definite decrease with 
age during the second year in the case of the inorganic phosphorus. The 
level of phosphorus intake did not seem to have any definite effect upon the 
calcium in whole blood. The averages of the means for the various groups 
were 7.16 mgs. per 100-mls. of whole blood for the normal group, 7.06 for the 
low-phosphorus Group A, and 7.62 for the low-phosphorus Group B. When 
these values are compared there is some indication that the calcium content 
of the blood of the low-phosphorus Group B was slightly higher than that of 
the other two groups. Although that might have been the case, the difference 
could not be considered biologically significant, as the average deviation 
from the mean for the normal group was .667 mg. of calcium per 100-mls. of 
whole blood. 

DISCUSSION 

The purpose of this investigation was to study the effeet of age and level 
of phosphorus intake on the calcium and inorganic phosphorus content of 
the blood in order to determine if possible the minimum phosphorus require- 
ment tor growing dairy heifers. Obviously there are a number of other 

i 
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TABLE 2 

The effect of age and phosphorus intake on the calcium and inorganic phosphorus 
content of the whole blood 
(Mgs. per 100 mis. of whole blood) 


AGE IN 
MONTHS 

NORMAL P. GROUP 

LOW P. GROUP A 

LOW P. GROUP B 

Ca. 

Inor. P. 

Ca. 

Inor. P. 

Ca. 

Inor. P. 

2 


6.67 


6.83 


6.20 

3 .. . 




6.30 


6.50 

4 

7.17 


7.40 

6.24 

7.20 

6.20 

5 . . . 

7.03 

7.04 

6.80 

6.62 

8.50 

5.90 

6 

7.58 

7.03 

6.74 

6.78 

7.25 

5.50 

7 . 

7.15 

7.18 

7.30 

6.24 

8.25 

5.02 

8 

7.20 

7.06 

6.80 

6.16 

8.30 

4.65 

9 

7.44 

7.00 

7.58 

5.58 

8.40 

4.90 

10 

7.43 

7.01 

6.92 

5.96 

7.90 

4.85 

11 

6.94 

6.68 

6.76 

5.52 

7.35 

3.72 

12 .. . 

7.56 

6.74 

7.34 

5.74 

7.68 

3.43 

13 . . 

7.11 

6.83 

7.06 

5.60 

7.38 

3.70 

14 

7.42 

6.53 

7.16 

5.90 

7.18 

3.85 

15 

7.33 

6.30 

6.58 

5.80 

7.66 

4.73 

16 

6.80 

6.15 

7.78 

5.62 

7.50 

.3.70 

17 

7.50 

6.17 

7.37 

5.54 

6.90 

3.83 

18 

6.50 

6.20 

7.35 

5.56 

6.47 

3.97 

19 

7.03 

6.10 

7.10 

5.62 

7.85 

4.65 

20 

6.90 

5.90 

7.40 

5.36 

7.50 

5.47 

21 

7.28 

5.93 

6.70 

5.66 

7.23 

5.90 

22 

6.31 

5.93 

6.60 

5.50 

7.93 

5.73 

23 

7.75 

j 5.56 

6.83 

4.95 

7.27 

5.63 

24 

7.03 

5.71 

6.65 

5.40 

8.33 

5.30 


factors such as the vitamin D content of the ration, season of the year, cal- 
cium-phosphorus ratio, and possibly the; source of phosphorus in the ration 
that might affect the level of phosphorus required and the inorganic phos- 
phorus and calcium content of the blood. An attempt was made to control 
these factors in so far as was practicable. 

Vitamins — No vitamins were fed other than those occurring normally in 
the feeds used. The heifers were confined continuously to the experimental 
bam, which helped to eliminate the effect of sunshine and season. The 
results of several investigations (11) (22) (3) show that sun-cured hay is 
a fairly good source of vitamin D. Work at the Michigan Station (21) indi- 
cates that sun-cured timothy hay furnishes sufficient vitamin D to protect 
calves kept out of sunshine from developing rickets. The heifers were fed 
a good grade of timothy hay at the rate of about li pounds per 100-pounds 
of live weight. However, with more vitamin D available for calcium and 
phosphorus utilization the blood of the animals in the low-phosphorus groups 
might not have been affected to the same degree. < 

Calcium-Phosphorus Ratio— This experiment was not designed to *study 


CHEMICAL COMPOSITION OF THE BLOOD OF DAIRY CATTLE 


565 


the effect of the calcium-phosphorus ratio. However, in the case of the nor- 
mal group there was always more phosphorus than calcium in the ration with 
an average calcium-phosphorus ratio of 1 to 1.65. In the case of the low 
phosphorus groups there was always more calcium than phosphorus in the 
ration with an average calcium-phosphorus ratio of 1 : 0.79 for the low phos- 
phorus Group A and 1:0.63 for the low-phosphorus Group B. Theiler, 
Green, and DuToit (24) concluded that the minimum requirements for 
growth are higher for phosphorus than for calcium, and that a calcium- 
phosphorus ratio of 1 : 4.65 is not necessarily disadvantageous. Meigs and as- 
sociates (16) experimented with laetating cows and concluded that phos- 
phorus assimilation may be interfered w’ith by an excess of calcium in the 
ration, and that two parts or more by weight of calcium to one of phosphorus 
constitutes an excess. However, Gullickson and Eckles (7) did not notice 
any ill effects with growing heifers fed rations in which the phosphorus con- 
tent almost invariably exceeded the calcium content by nearly two to one. 

Ph osph orn s Req uiremcnt 

It may be noted in Table 1 and Figure 1 that the average daily phos- 
phorus consumption for all groups increased as the animals increased in age 
and more feed was consumed, but decreased slightly in proportion to body 
weight. Since there was no increase in the amount of phosphorus consumed 
in proportion to body weight after the eighteenth month, evidently there 
was a decrease in the requirement for phosphorus in proportion to body 
weight, as indicated by the rise in the inorganic phosphorus of the blood. 

Theiler (23) was of the opinion that the phosphorus requirement was 
reduced slightly with age. Huffman and associates (12) suggested the pos- 
sibility that the phosphorus requirement for growth depends largely on the 
rate of growth rather than on the body weight. They also interpret the 
results of Iiogan and Nierman as indicating that the rate of growth is a good 
criterion to use in determining the phosphorus requirement for growth. 

In Table 3 is presented in twelve-week periods the average number of 

TABLE 3 


Total phosphorus consumption per unit gain in body weight and height at withers 




NORMAL P, GROUP 

LOW P. 

GROUP A 

LOW T. GROUP B 

ENDING WHEN 
ANIMALS WERE 

AT AGE OB 

Grams of P. 
per cm. gain 
in height 

Grains of P. 
per lb. gain 
in body wt. 

Grams of P. 
per cm. gain 
in height 

Grams of P. 
per lb. gain 
in body wt. 

Grams of P. 
per cm. gain 
in height 

Grams of 
P. per lb. 
gain in 
body wt. 

24 wks. 

78 

7.4 

67 

5.9 

54 

5.2 

36 

It 

132 

10.3 

56 

3.9 

43 

5.2 

48 

It 

824 

13.3 

95 

5.0 

78 

4.1 

60 

*1 

361 

16.4 

199 

8.1 

96 

4.5 

72 

t* 

488 

17.1 

217 

9.6 

170 

5.2 

84 

V 

666 

22.0 

345 

8.6 

218 

8.0 

M 4“ 

i 

836 

26.4 

406 

16.7 

367 

7.5 
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grams of phosphorus consumed per pound gain in body weight, and also per 
centimeter gain in height at withers between 12 and 96 weeks of age. 

It may be noted that there was a fairly consistent increase in the amount 
of phosphorus consumed per centimeter gain in height at withers by the 
animals in all groups. There was also a consistent increase in the amount 
of phosphorus consumed per pound gain in body weight by the animals in 
the normal group. However, in the case of the animals on low-phosphorus 
rations the rate of increase of phosphorus consumption per pound gain was 
much less and very irregular. The relative change in the amounts of phos- 
phorus consumed per centimeter gain in height at withers from 12 to 96 
weeks of age was much more than the relative change in the amount of 
phosphorus consumed per pound gain in body weight. From a study of 
the changes in the inorganic phosphorus content of the blood, the data indi- 
cate that the phosphorus requirement for growth depends to a much greater 
degree upon the rate of skeletal growth as measured by the rate of gain in 
height at withers than upon the rate of gain in body weight of the animal. 
Even though there was a decrease in the amount of phosphorus eonsumed 
per 100-pounds body weight as the animals increased in age, nevertheless 
the amount of phosphorus consumed by the animals in the low-phosphorus 
groups during the latter part of the experiment was evidently about suffi- 
cient to meet their requirements for phosphorus. This resulted in an in- 
crease of the inorganic phosphorus in the blood to approximately the same 
level as that of the normal group. 

While there is no definite knowledge as to the optimum amount of phos- 
phorus required by growing dairy animals, several investigators have stated 
what they believed to be the requirement for such animals, while others 
have calculated the amounts retained by such animals. 

Kellner (13) computed the phosphorus retention of growing calves as 
19 grams of P 2 O a equivalent to 8.3 grams of phosphorus per day for the 
first year. He was of the opinion that the ration should contain about two 
or three times this amount. Armsby (2) computed from Lawes and 
Gilbert ’s analyses of the ash of the entire body of farm animals that during 
the first year cattle gained a total of 2972 grams of phosphorus. From this 
Armsby calculated an average daily retention of 8.14 grams equivalent to 
1.7 grams of phosphorus per 100 pounds body weight per animal. This is 
in close agreement with the results obtained by Kellner (13). 

In a study of the mineral requirements of cattle, Theiler, Green, and 
DuToit (23) found that a ration supplying 2.32 grams of phosphorus and 
4.99 grams of calcium per day was deficient. Animals 12 to 18 months of 
age withstood this level of mineral intake from three to six months after 
which they showed symptoms of mineral deficiency. When the basal ration 
was supplemented with 25 grams of bone meal daily, the phosphorus in take 
wfcs increased to 5 grams per day, and fair growth resulted. When the 
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bone meal was increased to 100 grams and the phosphorus increased to 13 
grams daily, good growth and reproduction resulted. The addition of 2 
pounds of wheat bran per day to the basal ration increased the daily phos- 
phorus intake to 11 grams, which resulted in fair gain in body weight. 
Theiler and associates (25) stated that in any given ration it is the per- 
centage of phosphorus in the ration in relation to the total feeding value 
which is of importance in causing “osteophagia” or bone chewing of cattle. 
They found that for cattle of approximately 1000 pounds live weight, a 
daily consumption of about 11.79 grams of phosphorus per 1000 pounds 
body weight was somewhere near the point at which osteophagia could de- 
velop or disappear. Huffman and associates (12) obtained data which indi- 
cated that 10 grams of phosphorus per day furnishes sufficient phosphorus 
to first calving, especially when calves are fed whole milk for two months, 
five pounds of sun-cured alfalfa hay per day, and turned into sunshine 
daily. An intake of 10 to 12 grams per day seemed to be about sufficient 
to support maintenance, normal growth, and gestation from 18 months of 
age to first calving. 

Since the composition of the blood is a good index as to the severity of 
phosphorus deficiency, if we assume that the lowering of the inorganic phos- 
phorus in the blood is in direct proportion to the deficiency of phosphorus 
intake in the feed, the minimum phosphorus consumption required to main- 
tain a normal supply of inorganic phosphorus in the blood under the condi- 
tions of this experiment may be calculated. If it is considered that, when 
the concentration of inorganic phosphorus in the blood is at a normal 
level, the consumption is sufficient to meet the requirement of the animal, 
the calculated values would be equal to the minimum requirement for 
phosphorus. 

The calculated values for the average daily requirement under the con- 
ditions of this experiment in 12-week periods from 24 to 108 weeks of age 
are presented in Figure 2. The calculated values for the average daily 
requirement per 100-pounds body weight were obtained by dividing the 
amount required per day by the average body weight of all the animals on 
experiment for the corresponding period. The regression equations were 
obtained by the method of “ least squares,” using the calculated values for 
the average daily requirement, and the average daily requirement per 100- 
pounds body weight. In the equations “y” represents the requirement in 
grams per day and “X” the age of the animals in months. The regression 
lines were plotted according to the regression equation for the average daily 
phosphorus requirements and the average daily phosphorus requirements 
per 100-pounds body weight. 

It is to be admitted that the severity of phosphorus deficiency as indi- 
cated by the lowering of inorganic phosphorus in the blood may not be 
directly proportional to the deficiency of the phosphorus intake in the feed, 
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especially during the first 48 weeks of age, when the animals were being 
depleted of their phosphorus reserve. It is commonly known that such fac- 
tors as age, ration, vitamins, and level of, phosphorus intake effect the effici- 
ency of phosphorus absorption and storage. From balance studies it has 
been demonstrated that phosphorus is used more efficiently at lower levels 
of intake than at higher levels. There are also differences in the rate at 
which the inorganic phosphorus in the blood is decreased with lowered phos- 
phorus consumption. The rate at which the composition of the blood is 
lowered is roughly in proportion to the level of phosphorus intake as may 
be seen in Figure 1, although the individuality of the animal is an impor- 
tant factor. 

For an approximation it is interesting to note that the calculated re- 
quirements according to the regression equations are of the same order of 
magnitude as the values for minimum requirements of growing dairy ani- 
mals obtained by other investigators. The calculated values thus obtained 
are slightly higher than an average of 10 grams per day as obtained by 
Huffman and associates (12) for heifers to first calving. The animals in 
this experiment were fed timothy hay and confined to the barn continu- 
ously. Probably with more vitamin D and sunshine less phosphorus would 
be required to maintain the inorganic phosphorus of the blood at the normal 
level. 

The requirement for phosphorus was not calculated for the perkjd be- 
tween 3 and 6 months of age. There was a difference in the trend shown 
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by the inorganic phosphorus in the blood of the animals in the low-phos- 
phorus Groups A and B during this period, although the average composi- 
tion of the blood of the two groups was practically the same. When the 
average composition of the blood of both low-phosphorus groups was com- 
pared with that of the normal group there was a difference of .82 mgs. per 
100 mis., indicating a slight deficiency of phosphorus for the animals in the 
low-phosphorus groups. The average daily phosphorus consumption of the 
animals in the low-phosphorus groups was 7.9 grams and for the animals in 
the normal group, 10.4 grams. The requirement for phosphorus during the 
period evidently falls between these two values. If the regression line be 
extrapolated back to include this period or the requirement calculated ac- 
cording to the regression equations, the calculated average daily require- 
ment would be 9.3 grams for the period of 3 to 6 months of age. Huffman 
and associates (12) found that 10.3 grams of phosphorus per day appeared 
to furnish sufficient phosphorus for heifers from 3 to 6 months of age under 
the conditions of their experiment. 

TABLE 4 

The minimum phosphorus requirements for normal growth of dairy heifers 


A(3E IN 

MONTHS 

♦estimated I\ 
REQUIREMENTS 
(URAMS) 

CALC. P. 
REQUIREMENT 
(CRAMS) 

CALC. P. REQUIRE- 
MENT PER 100 LBS. 
BODY WT. 
(ORAMS) 

1 

6.94 

8.7 

3.11 

2 

8.19 

8.9 

3.02 

3 

7.74 

9.0 

2.94 

4 . 

11.37 

9.2 

2.85 

5 

12.58 

9.4 

2.76 

6 , 

12.08 

9.6 

2.67 

7 

10.60 

9.8 

2.58 

8 

10.10 

10.0 

2.49 

9 

11.39 

10.2 

2.40 

10 

10.44 

10.4 

2.32 

11 

9.24 

10.6 

2.23 

12 . . 

9.68 

10.8 

2.14 

13 . . 

7.20 

11.0 

2.05 

14 . . 

8.03 

11.2 

1.96 

15 . .. 

7.47 

11.4 

1.87 

16 

11.05 

11.5 

1.78 

17 . . 

8.05 

11.7 

1.70 

18 

10.01 

11.9 

1.61 

19 


12.1 

1.52 

20 


12.3 

1.43 

21 


12.5 

1.35 

22 


12.7 

1.26 

23 


12.9 

1.17 

24 


13.1 

1.09 


* HAimated by Huffman and Associates (12). 
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Huffman and coworkers (12) have estimated the phosphorus require- 
ments for normal growth to 18 months of age, based on Eckles normals and 
Wilson's requirements for maintenance and growth. 

In Table 4 is presented the phosphorus requirements for normal growth 
as estimated by Huffman and associates (12) along with the calculated 
values from this experiment according to the regression equations. For 
comparison values have been calculated for the ages from 1 to 6 months. 
However, the experimental data used in developing the equations did not 
cover this period. 

SUMMARY AND CONCLUSIONS 

Three groups of growing dairy heifers were fed in such a way that all 
received approximately the same amount of digestible crude protein and 
total digestible nutrients in proportion to body weight. One of the groups 
was fed a normal ration while the others were fed rations low in phos- 
phorus. Calcium and inorganic phosphorus was determined on composite 
samples of whole blood at monthly intervals throughout the experiment. 

Under the conditions of the experiment as outlined the following con- 
clusions were reached: 

1. The inorganic phosphorus in the blood of animals fed a normal phos- 
phorus ration shows a slight increase from the second to the fourth month, 
after which it remains fairly constant until the tenth month, when there is 
a gradual decline as the animals grow older. 

2. The concentration of inorganic phosphorus in the blood is an impor- 
tant index of the severity of phosphorus deficiency in the ration. Low-phos- 
phorus rations cause an immediate lowering of the inorganic phosphorus 
in the blood. The rate ’of lowering is roughly proportional to the severity 
of phosphorus deficiency in the ration. There is always a lowering of the 
inorganic phosphorus in the blood for a period of several weeks before any 
pronounced physical symptoms of a deficiency are apparent. 

3. Anorexia, or loss of appetite, stiffness in front and rear quarters, and 
general emaciated condition are physical symptoms which usually follow a 
lowering of the inorganic phosphorus in the blood when animals are on 
phosphorus deficient rations. 

4. The phosphorus requirement for growing dairy animals is not di- 
rectly proportional to gain in body weight, but depends to a considerable 
degree upon the rate of skeletal growth as measured by the rate of gain in 
height at withers. There is a decrease in the requirement for growth in 
proportion to body weight with increase in age as the animals approach 
maturity. 

5. An average daily phosphorus intake. of approximately 25 grams 
(equivalent to about 3.8 grams per 100-pounds body weight) was sufficient 
to maintain what appeared to be a normal supply of inorganic phosphorus 
in the blood up to 25 months of age. An average daily phosphoru^ intake 
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of 8 grams (equivalent to 1.3 grams per 100-pounds body weight) was not 
sufficient to maintain a normal supply of inorganic phosphorus in the blood 
of growing dairy animals from 6 to 25 months of age. 

6. Age and level of phosphorus intake were without effect upon the 
calcium content of whole blood of growing dairy heifers. 
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THE VITAMIN A CONTENT OF PASTURE PLANTS 

III. ALFALFA {MEDICAUO SATJVA L.) AND SMOOTH BROME 

(HROA1FS JXERMIS LEYSS.) UNDER PASTURAGE (HINDU 
TIONS ANI) FED GREEN* 

ELLA WOODS, F. W. ATKESOX, A O. SHAW 
1. W. SLATER, and H. F. JOHNSON 
Idaho Agricultural Experiment Station, Moaenu, Idaho 

This paper is the third of a series from this slatioii on the vitamin A 
content. of pasture plants under pasturage conditions and fed green. Plants 
previously reported on are: white clover. Kentucky blue grass, timothy, and 
red top. In the first two papers the reasons for interest in the vitamin A 
content of pasture plants were dismissed ami representative literature on 
the subject was reviewed. Citations will be limited to literature pertinent 
to this report 

The two plants upon which tin* vitamin A content is herein reported are 
alfalfa and smooth brome grass. All the alfalfa and part of the brome were 
grown under irrigation at the Caldwell Substation of tin* Idaho Agricultural 
Experiment Station. Two groups of rats were fed brome grown without 
irrigation at Moscow'. The alfalfa used was the Grimm variety. 

EXPERIMENTAL PROP El VP RE 

Essentially the same procedure was used as in the two previous reports 
(3, 4). Vitamin 1) was supplied by three drops of Mead's Viosterol per 
week, as in the second report. Groups I to IV inclusive were fed alcohol- 
extracted casein as a vitamin A free protein source as in the first investiga- 
tion (3) while groups V to VIII were fed heat-treated casein as reported 
in the second paper (4). Fresh green samples of alfalfa and brome were 
received twice a week. The samples of brome consisted mostly of medium 
sized leaves with very few r stems. The alfalfa samples were* leafy, but due 
to the rankness of growth considerable quantities of stems \ver<’ present. 
Pasturage of each plant w^as typical of ordinary conditions. The experi- 
mental feeding period was April 18 to June 15 in 1932 and April 17 to June 
12 in 2933. 

* Published Avith the approval of the Director an Research Paper No. 137 of tho Idaho 
Agricultural Experiment Station. 
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RESULTS 

The average weight of the rats in all groups was 41 grams at the begin- 
ning of the depletion period and 110 grams at the end. The depletion period 
for all the rats averaged 31 days. 

Table 1 and Figure 1 show the average growth response of the rats fed 
each of the pasture plants. Results are presented for periods of four weeks 
(28 days), and the rat units per gram are calculated from the daily dose in 
milligrams required to cause a gain of 12 grains in 4 weeks. All rats which 
had not attained a minimum gain of 12 grams in the 4-week period were ex- 
cluded from the results for average performance as required for assaying 
U. S. P. standard cod liver oil (1). The rats thus excluded from the aver- 
ages are indicated by the difference between “rats fed” and “rats used” 
in Table 1. 

When 60 milligrams of alfalfa were fed, the average total gain per rat 
(9 rats) was 32 it 2 grams, or 8 grams per week, which would indicate 
269 ±: 17 rat units of vitamin A activity per gram. Rats fed 180 milligrams 
per week made an average total gain of 55 dz 5 grams in four weeks. 

In 1932 eight rats, litter mates of those receiving 60 milligrams of alfalfa, 
made an average total gain of 47 =b 3 grains in four weeks when fed 60 
milligrams of brome grass from Caldwell. This would indicate a vitamin 
A value of 396 it 27 units per gram as compared with 269 it 17 for alfalfa. 
Similarly, 11 animals fed 180 milligrams per week made an average total 
gain of 63 grams. In 1933 additional tests with brome grass -were made. 
Three rats receiving 60 milligrams of this grass from the substation at Cald- 
well made an average gain of 44 grams which was in agreement with the 
previous year's results with grass from the same source. In the same year 
brome grass grown at Moscow (non-irrigated) gave an average total gain 
of 34 ±: 3 grams for eight rats when fed at a level of 60 milligrams per week. 

The coefficient of variation in the group fed alfalfa (60 mg. per week) 
was 26 per cent, while it was 27 in the group fed the same level of brome 
grass, from the same source (Caldwell). The variation in both groups was 
less than that reported by Sherman and Burtis (2). 

Statistical analysis of the results showed that a true difference existed 
between the Caldwell brome and the Moscow brome when each was fed at 
the rate of 60 milligrams per week. The difference was 114 rat units and 
the probable error of the difference was 26. Since three times the probable 
error of the difference (3x26 = 74) was not equal to the difference (114), 
some difference not due to methods was obtained. This difference in favor 
of the Caldwell brome may have been due to loss of moisture in shipping, 
thereby resulting in a more concentrated product than in the case of the 
Moscow brome which was taken directly from the held to the laboratory. 

Comparison of results obtained from Caldwell brome and Caldwell 
alfalfa, each fed at a level of 60 milligrams, showed a difference of 127 rat 
units in favor of brome. The probable error of the difference was 22 units. 
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Fig. 1 . Average weekly weight increases of rats, previously depleted of vitamin A, 
when fed either alfalfa or smooth brome as a supplement to a vitamin A free diet. 

Average weekly losses in weight of negative control rats were computed each week 
by averaging the weight of all living rats as long as 50 per cent of the original group 
survived. The line was terminated by extending it directly from the last week showing 
50 per cent survival to a point indicating the average survival days and average weight at 
death for the entire group. The broken line indicates that one or more deaths occurred 
during the week. 






Average growth response of rats when fed fresh alfalfa and brome grass 
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The difference was a true one, it being equal to more than 5J times the 
probable error. Thus brome grass was superior to alfalfa as a source of 
vitamin A activity when fed at the same level. Observations of the test 
animals during the feeding period seemed to substantiate the superiority 
of brome when fed at the same level as alfalfa. 

In order that the results obtained may be compared with data reported 
on the basis of 24 grams gain in eight weeks, the average gain made by each 
group in eight weeks is given. When the average gain for the longer period 
is the basis used for calculating the rat units per gram, all animals in a 
group are usually included whether or not they are gaining at the end of 
the test. All animals, therefore, are used in summarizing the eight-week 
averages. 

When fed alfalfa at the rate of 60 milligrams per week, the animals (9 
rats) made an average total gain of 42 zt 3 grams in eight weeks, indicating 
the vitamin A activity to be 175 rt 14 rat units per gram. Brome grass 
fed at the same rate produced an average total growth of 65 5 grams, or 

271 rt 20 rat units of vitamin A activity per gram. 

The 15 animals used as negative controls survived an average of 25 days 
and lost an average of 30 grams in body weight. All rats had typical symp- 
toms of vitamin A deficiency. 


DISCUSSION 

The six pasture plants which have been studied under pasturage condi- 
tions would rank as follows in vitamin A activity per gram : Smooth brome, 
396 ±: 27 rat units; red top, 308 10; alfalfa, 269 ± 17 ; white clover, 

242 dr 19 ; timothy, 220 rb 13 ; and Kentucky bluegrass, 175 rt 11. The high 
ranking of these plants compared with other foods and feeds as sources of 
vitamin A activity should again be emphasized. 

It is difficult to attach any significance to the type of plant and its con- 
tent of vitamin A activity. Alfalfa and white clover are legumes, and the 
other four plants are non-legumes. Both the highest and lowest ranking 
grasses are non-legumes. Other characteristics such as rankness of growth, 
size of leaf, depth of root, etc., do not appear to have any relationship to 
vitamin A activity of the plant. 

Although no tests were conducted, it is probable that significant differ- 
ences do exist in the carotene content of the various plants, which may in turn 
harmonize with the rank of the plants in content of vitamin A activity. 

All the plants were assayed for vitamin A activity in the early spring 
and samples were taken from fields being pastured by dairy cows. Undoubt- 
edly different results would be obtained if the plants had been allowed to 
become more mature without pasturage, as the plants differ considerably in 
the degree of green color at maturity. From the standpoint of the effect on 
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the vitamin A activity of butter it is important to study the plants under 
the same conditions as they are consumed by the cow in grazing. 

conclusions 

The results indicate that when sampled under pasturage conditions 
Smooth brome grass (Browns inermis L.) contained 396 ± 27 rat units of 
vitamin A activity per gram, and alfalfa (Medieago saliva L,) contained 
269 ± 17 units. A rat unit as used in this paper is calculated from the daily 
dose in milligram^ required to cause an average total gain of 12 grams in 
4 weeks. 
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THE CREATINE TEST FOR ACETYLMETHYLCARBINOL PLUS 
DI ACETYL IN BUTTER CULTURES* 

B. W. 1IAMMEB 
Iowa State College, Ames, Iowa 

The investigations of van NieJ, Klnyver and Derx (8) and of Sehmalfuss 
and Barthmeyer (7) established the importance of diacetyl as an aroma 
constituent of butter and suggested that the diacetyl is formed through the 
oxidation of acetylmethylcarbinol. Following these studies, the Iowa Agri- 
cultural Experiment Station (4) reported data showing that butter cultures 
having a satisfactory flavor and aroma contain relatively large amounts of 
acetylmethylcarbinol plus diacetyl, while butter cultures lacking in flavor 
and aroma contain comparatively small amounts or none of these materials. 

The quantitative determination of acetylmethylcarbinol plus diacetyl in 
a butter culture usually involves the steam distillation of a portion of the 
culture, after adding ferric chloride to oxidize the acetylmethylcarbinol to 
diacetyl, and the precipitation of the distilled diacetyl (both that originally 
present and that formed from the acetylmethylcarbinol) as nickel dimethyl - 
glvoximate, which is filtered off and weighed. This procedure is time- 
consuming and can be carried out only with considerable laboratory ecjuip- 
ment. A simple and rapid test which would permit an approximation of 
the amount of acetylmethylcarbinol plus diacetyl in a butter culture would 
be useful in comparing cultures from day to day and also in checking the 
cultures used in a plant or in a creamery organization. 

In an investigation of the nature of the V oges-Proskauer reaction. 
Harden (1) showed that acetylmethylcarbinol, produced from glucose by 
certain organisms, is one of the necessary factors in the reaction and that 
some substance present in peptone water is also required. Harden and 
Norris (2), working with diacetyl, found that the reaction is dependent on 
the presence of some material, such as arginine or creatine, containing a cer- 
tain atomic configuration. The importance of acetylmethylcarbinol in the 
Voges-Proskauer reaction and its formation by various organisms have cen- 
tered attention on it as a product of bacterial metabolism, and many methods 
have been suggested for its rapid detection in bacterial cultures. O ’Meara 
(5) considered these methods generally unsatisfactory and proposed grow- 
ing the organism under investigation in a special medium and then testing 
for acetylmethylcarbinol by adding creatine and strong sodium hydroxide, 
shaking, allowing the mixture to stand, and examining for the appearance 
of a red color. 

* Journal Paper No. J-255 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 127. 
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The method which O’Meara employed seemed to be applicable to the 
rapid testing of butter cultures for acetylmethylcarbinol plus diacetyl and, 
accordingly, was tried for this purpose. The results obtained indicate that 
the method can be used to advantage in the examination of butter cultures. 

The general procedure employed in the rapid examination of a butter 
culture for acetylmethylcarbinol plus diacetyl is as follows: Two and one- 
half cc. of the culture are poured into a test tube having an inside diameter 
of about 0.5 inch and a small amount of creatine ( a portion of the powder 
equal to about one-third of the volume of a wheat grain) added ; the creatine 
can best be handled on the point of a small knife. Strong sodium hydroxide 
(40 gm. made up to 100 cc. with water) equal in volume to the volume of 
culture is then poured into the tube, the mixture thoroughly shaken and 
allowed to stand. If relatively large amounts of acetylmethylcarbinol plus 
diacetyl are present in the culture, a red color develops at the surface of the 
mixture in a few minutes or less and soon extends to a depth of 0.25 inch or 
more. With smaller amounts of acetylmethylcarbinol plus diacetyl the red 
color develops more slowly and the colored portion is comparatively shallow. 
Cultures which are decidedly lacking in flavor and aroma may show no red 
color even after holding the test mixture for hours. When a strong reaction 
is secured, the material adhering to the wall of the tube above the surface 
of the liquid is strikingly red in color. 

If a series of butter cultures is arranged, by a competent judge, in the 
order of the intensities of the desirable flavors and aromas and then tested 
with creatine and sodium hydroxide, the intensities are closely correlated 
with the rapidities and extents of the color reactions. The butter cultures 
in use in plants show all degrees of color development with the test and the 
results of the test are, in general, in agreement with the intensities of the 
flavors and aromas, as determined by a competent judge. Occasionally 
butter cultures are seen which show no red color wit h the test, and these are 
conspicuously lacking in flavor and aroma. Milk cultures of Slreptococcus 
lactis commonly fail to show any red color. In general, more red color is 
secured with butter cultures made from milk to which citric acid has been 
added than with cultures made from unmodified milk. 

The formation of only a thin red band on the surface of the test mixture 
should not be interpreted as indicating that the flavor and aroma of the cul- 
ture are entirely satisfactory, since this may occur with cultures which yield 
only a relatively small amount of nickel dimethylglyoximate when the 
acetylmethylcarbinol plus diacetyl is determined quantitatively. A culture 
with a high flavor and aroma rapidly gives a rather broad band of red color. 

The creatine test makes it possible to quickly secure general information 
on the comparative amounts of acetylmethylcarbinol plus diacetyl present 
in butter cultures. For the experienced judge such information is useful 
as a means of confirming the impressions obtained through the senses of taste 
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and smell, while for the inexperienced judge it can be used to help in devel- 
oping the ability to properly evaluate cultures. When the method is to be 
employed in a plant or creamery organization, it should be standardized as 
well as possible by using (a) approximately the same amount of creatine, 
(b) sodium hydroxide of a uniform strength, (c) uniform volumes of cul- 
ture and sodium hydroxide, etc. The importance of approximately the 
same amount of creatine in various tests is suggested by the fact that Wal- 
pole (9) utilized the color given in alkaline solution by creatine when a trace 
of diacetyl is added for the quantitative estimation of creatine in urine. 
Levine, Epstein, and Vaughn (3) combined creatine and potassium hydrox- 
ide as one solution (0.3 per cent creatine in 40 per cent potassium hydrox- 
ide) for use in the Voges-Proskauer test; the solution was found to have 
limited keeping qualities, and these were greatly influenced by the tempera- 
ture of holding. In the studies on butter cultures a solution of 0.3 per cent 
creatine in 40 per cent sodium hydroxide (40 gm. made up to 100 cc. with 
w r ater) was tried, but the solution seemed to keep poorly at summer tempera- 
tures. The mechanism of the Voges-Proskauer reaction and the diacetyl 
reaction for proteins has been studied recently by O'Meara (6). 
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A COMPARISON OF METHODS OF DETECTING STREPTOCOCCI 
IN FRESHLY DRAWN MILK SAMPLES 


WAYNE N. PLASTRIDGE, E. O. ANDERSON, and FRANCIS J. WEIRETIIER 
Storm Agricultural Experiment Station, Storm, Connecticut 

Recent investigations on the etiology of infectious bovine mastitis em- 
phasize the importance of detecting streptococci in the diagnosis of the dis- 
ease. Hacker (4) found that milk from a normal quarter free from fibrosis 
does not contain long-chained streptococci. Ernst, Schmidt-IIoensdorf and 
Schmidt. (1) succeeded in producing typical streptococcal mastitis by intro- 
ducing streptococci from mastitis milk into the udder by way of the teat 
('anal. Minett. Stableforth and Edwards (8) and Plast ridge. Anderson, 
Wliite and Rettger (10) have shown that herds free from infectious strepto- 
coccal mastitis may be established by the use of periodic bacteriological tests 
and segregation of animals shedding streptococci of the type associated with 
infectious bovine mastitis. While other organisms, particularly staphylo- 
cocci, are occasionally responsible for udder disturbances, the evidence at 
hand indicates that a fairly well defined species of streptococcus is the prin- 
cipal etiological agent to be considered in attempts to control infectious 
bovine mastitis. 

The recognition of streptococci as the principal cause of infectious 
chronic mastitis increases t he importance of methods of detecting the pres- 
ence of these organisms in the udder of the cow. The standard nutrient 
agar plate commonly used in determining the bacterial content of milk is 
generally recognized as unsatisfactory for the detection of udder strepto- 
cocci. As blood agar prepared with beef or veal infusion supplies the 
growth requirements of most streptococci and at the same time yields in- 
formation on the characteristics of the strains isolated, blood agar lias been 
used widely in detecting streptococci in milk samples. Three principal 
methods of inoculating blood agar plates have been used : namely. (1) streak- 
ing one or several loopfuls of whole milk over the surface of the medium, 
(2) streaking sediment, from centrifuged portions of the sample over the 
surface of the medium, and (3) plating diluted portions of the sample in 
blood agar. 

Microscopic examination of stained films of fresh samples and films pre- 
pared from sediment have also been widely used. While the finding of Jong 
chains of streptococci by these two methods is generally regarded as con- 
clusive evidence of streptococcal mastitis, the work of Rosell (II), Hucker 
(5), Halverson, Cherrington and Hansen (3) and Minett., Stableforth and 
Edwards (7) and Edwards (2) shows that animals affected with chronic 

Received for publication May i, 1935. 

m 



384 W. N. PLASTRIDGE, E. 0. ANDERSON AND F. J. WEIRETHER 

mastitis commonly fail to shed a sufficient number of streptococci to be 
detected by these methods. 

Recently, particular attention has been given to the significance of the 
finding of long chains of cocci in incubated samples. Halverson, Cherring- 
ton and Hansen (3) regard the mere presence of long chains of streptococci 
in incubated samples insufficient evidence of streptococcal mastitis, unless 
correlated with other findings. Hucker, Trudell and Jennings (6) consider 
the microscopic examination of incubated milk the most effective method of 
detecting udder streptococci. 

Studies on infectious bovine mastitis have been in progress at the Storrs 
Agricultural Experiment Station since 1926. During the past two years 
emphasis has been placed on methods of diagnosing infectious mastitis. As 
a part of this investigation, six different methods of detecting the presence 
of streptococci in freshly drawn milk samples were compared for the pur- 
pose of selecting the most efficient means of detecting shedders of strepto- 
cocci which are capable of causing infectious bovine mastitis. A detailed 
account of the results of other tests employed in the diagnosis of mastitis 
will appear in a later publication. 

METHODS 

Various tests for evidence of mastitis were made on the animals in the 
Connecticut State College herd at intervals of two weeks over a period of 
several years. In two of the regular tests, six different methods of detecting 
streptococci w T erf» employed, in addition to the determination of the leucocyte 
count, sediment volume, reaction to the bromthymol blue test, and the ap- 
pearance of the sample. The results given by the different methods, and 
the relation of the results to each other were considered with other evidence 
of mastistis before, at the time of, and after the tests were made. 

Collection of Samples . — Before collecting the samples the lower portion 
of the udder and teats, including the opening of the teat canal, were washed 
with a solution containing 500 parts of chlorine per million parts of water. 
Badly soiled udders were given a preliminary washing with water. After 
discarding the first four streams, separate samples were collected from each 
quarter of the experimental animals. 

Examination of Samples . — A detailed account of the methods used in the 
examination of the samples, and the basis of classifying animals as negative, 
suspicious or positive for mastitis, have already been reported in Storrs 
Experiment Station Bulletin 197 (10). 

Detection of Streptococci .— A brief statement of the methods employed 
in detection of streptococci follow : 

1. A four mm. loopful of the whole milk sample was streaked over the 
surface of a blood agar plate. 
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2. A 1 to 10 dilution of the sample was prepared and plated in blood agar, 
according to the method described in Standard Methods of Milk Analysis, 
Sixth Edition, page 64 (12). 

3. A four mm. loopful of the material remaining in the conical end of a 
centrifuge tube after centrifuging a 10 cc. portion of the sample was 
streaked over the surface of a blood agar plate. 

4. A direct microscopic examination was made of stained films of the 
fresh samples prepared according to the method of Breed. The presence or 
absence of cocci occurring in pairs or chains was noted. 

5. Films prepared from the sediment obtained from centrifuged portions 
of the sample were also examined for the presence of streptococci. 

6. A microscopic examination was made of stained films prepared from 
portions of samples which had been incubated from 18 to 20 hours at 37° C. 
The presence or absence of streptococci occurring in chains of ten or more 
cells was recorded. 

Evidence of Mastitis . — Samples were classified as positive or negative for 
mastitis, on the basis of the appearance of the sample, sediment content, 
reaction to the bromthymol blue test and the leucocyte count. A detailed 
description of all possible combinations of results given by the tests em- 
ployed is considered out of place here. In general, an abnormal appearance 
of the sample, more than 0.5 per cent by volume of sediment, the yielding of 
a distinctly abnormal color to the bromthymol blue test and a leucocyte count 
of over one million cells per cubic centimeter, w r ere all regarded as evidence 
of mastitis. The results obtained on samples collected during a period of 
two weeks following parturition anil during the last 30 days of the lacta- 
tion period were not used in this study. 

Results 

Three hundred and sixty milk samples were examined for the presence 
of streptococci by the six methods described. 

Blood Agar . — The number of samples yielding weakly hemolytic strepto- 
coccus-like colonies on blood agar inoculated by the three methods employed 
is given in Table 1. 

As expected, blood agar plates inoculated by streaking a loopful of whole 
milk over the surface of the medium detected the presence of streptococci in 
fewer samples than the other two methods, Weakly hemolytic streptococcus- 
like colonies were found on 51 or 14.2 per cent of the plates streaked with 
whole milk, on 66 or 18.3 per cent of the plates streaked with sediment and 
on 62 or 17,2 per cent of the plates inoculated by the standard dilution 
method. 

Preliminary centrifuging of a 10 cc, portion of the sample and the use 
of a four mm. loopful of the resulting sediment in streaking one-half of 
the surface of a blood agar plate was more effective in detecting the presence 
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TABLE t 

Detection of Streptococci with the Blood Agar Plate 


NVKKKL1 HE MOL Vi JC f» I REI* TOOOri US LIKE OOlONiBS 


INOCULATION 

Streptococci 

1 Diphtheroids ; 

None 

Whole milk streaked over 
surface 

number 

51 

per cent 

14.2 

number 

0 

pt r cent 

0.0 

number percent 

309 85.8 

Sediment streaked over 
surface 

G6 

18.3 

1 

0.3 

293 

81.4 

Dilution* 

62 

17.2 

0 

0.0 

298 

82.8 


* 1 ce. of a 1 to 10 dilution plated in blood agar. 


of streptococci than either of the other two methods. For this reason and 
because the time involved in centrifuging the sample is offset by the saving 
in materials and glassware, the sediment-streak method of inoculating blood 
agar plates is considered preferable to the other methods employed in the 
routine detection of streptococci by means of the blood agar plate. How- 
ever, if contamination occurs at the time the samples are collected or if the 
samples are not placed at refrigerator temperature immediately following 
collection the presence of colonies of udder streptococci is more readily ob- 
scured by contaminating organisms on the sediment-streak plates than in the 
plates inoculated by the dilution method. 


table 2 

Peter hon of Streptococci by Microscopic Examination 


MA1BH1AL EXAMINED 

STHFPHKOCCl 
(< MAINS OF 10 
on MORE ( I'LLib) 

cot ci orei tut i no 

IN PAIRS OK 
I’lIAINS OF LESS 
1HAN 10 ( ELLS 

NKHIIBH PAIRS 

NOR ( MAINS 

of coeoi 

Stained films prepared 

number 

per cent 

number 

pe r cent 

number 

per cent 

from fresh samples 

Stained films prepared 

0 

0.0 

3 

0.8 

357 

99.2 

from sediment 

Stained films prepared 

0 

0.5 

5 

1.4 

353 

98.1 

from incubated milk 

116 

32.2 

3 

08 

241 

67.0 


Microscopic Examination . — The results obtained by direct microscopic 
examination of films prepared from the fresh samples, films prepared from 
the sediment obtained from a centrifuged 10 cc. portion of the sample, and 
films prepared from the incubated sample are recorded in Table 2. 

Microscopic examination of the 360 samples before incubation failed to 
show the presence of chains of streptococci in a single instance. Cocci occur- 
ing in pairs were observed in films prepared from three samples or only in 
0.8 per cent of the total number of samples examined. Culture teste made 
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on these three samples yielded relatively large numbers of chain-forming 
streptococci, which were identified as the type most commonly responsible 
for chronic mastitis. Observations on many samples in addition to those 
included in this investigation show that chains of streptococci are rarely seen 
in films prepared from samples freshly drawn from udders affected with per- 
sistent chronic mastitis. However, streptococci were commonly seen in films 
prepared from samples collected from udders affected with an acute attack 
of mastitis. Although several of the 300 samples used in this investigation 
were abnormal in appearance, none of the animals from which the samples 
were obtained allowed evidence of acute mastitis. 

Microscopic examination of the sediment was but slightly more effective 
in detecting streptococci than examination of the films prepared from fresh 
samples. Streptococci occurring in chains were seen in the sediment from 
two samples, or in 0.5 per cent, and cocci occurring in pairs were soon in 
five instances or 1.4 per cent of the milk samples examined. 

Microscopic examination of the incubated samples revealed the presence 
of streptococci in a surprisingly large number of the samples. Streptococci 
occurring in chains were found in 110 or 32.2 per cent of the 300 samples 
examined. Because streptococci were observed in a much smaller number of 
samples by the use of blood agar plates, it seemed probable that many of the 
streptococci seen in the incubated samples were saprophytes. 

RELATION OF TIIE FINDING OF STREPTOCOCCI BY TIIE METHODS EMPLOYED TO 
LABORATORY EVIDENCE OF MASTITIS 

In order to determine the significance of the finding of streptococci by 
tin* six methods used, the results given by each method were compared with 
the presence or absence of other laboratory evidence of mastitis 30 days be- 
fore, at the time, and 30 days after the tests were made for the presence of 
streptococci. The results obtained are recorded in Table 3. 

With few exceptions, the finding of streptococci by either of the three 
blood agar plate methods was accompanied by other evidence of mastitis. 
The few sample# in which streptococci were detected by direct microscopic 
examination or by examination of films made from the sediment also gave 
other evidence of mastitis. The results obtained by examination of the incu- 
bated samples were of particular interest, as this method detected strepto- 
cocci in a greater number of samples which showed other evidence of mastitis 
than did the other methods employed. Seventy-eight instances of strepto- 
coccal mastitis were detected by the miscropic examination of incubated 
milk samples, as compared with 61 by streaking the surface oi blood agar 
with sediment. However, of the 116 samples in which streptococci were 
found following incubation, 38 failed to show other evidence of mastitis. 

In general, it appears that the more sensitive the method employed for 
the detection of streptococci, the greater is the proportion of samples in which 
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TABLE 3 ^ , 

Relation of the Finding of Streptococci by the Methods Employed to Other Laboratory 

Evidence of Mastitis 


MKTHOD 

SAMPLES 

SHOWING 

STREPTOCOCCI 

LABORATORY EVIDENCE OB' MASTITIS 

DUE TO STREPTOCOCCI 

30 days before 
time of test 

At time 
of test 

30 days after 
time of test 

Blood agar plate (whole 
milk) 

51* 

45 

48 

47 

Blood agar plate (sedi- 
ment) 

66* 

54 

61 

58 

Blood agar plate (dilu- 
tion) 

62* 

53 

60 

58 

Direct microscopic ex- 
amination 

3 

3 

3 

3 

Microscopic examination 
of sediment 

7 

5 

7 

6 

Microscopic examination 
of incubated milk 

116 

62 

78t 

76 


* Colonies resembling those of streptococci responsible for chronic bovine mastitis 
seen on blood agar plates, 

t A total of 79 samples showed evidence of streptococci mastitis. Incubated milk 
failed to detect the presence of streptococci in one instance, only* 

streptococci are found without other evidence of mastitis. Determination 
of the characteristics of strains of streptococci isolated from incubated milk 
obtained from quarters showing no other evidence of mastitis at the time 
of, or shortly after, the culture was obtained, shows that such strains are 
frequently saprophytes, according to Plastridge, Anderson, Brigham and 
Spaulding (9). 

EVIDENCE OF. MASTITIS IN QUARTERS YIELDING STREPTOCOCCI 
IN INCUBATED MILK ONLY 

As shown in Table 3, 116 of the 360 samples examined contained strepto- 
cocci as revealed by microscopic examination of incubated milk, while only 
66 yielded colonies resembling streptococci on blood agar (see Table 1) ; in 
other words, 50 samples yielding streptococci by microscopic examination 
of incubated milk failed to yield visible colonies of streptococci on the blood 
agar plates.' In order to gain information on the significance of the presence 
of streptococci in these samples, other evidence of mastitis at the time of the 
test was obtained ; and the results of other tests made on the quarters invloved 
before and after examination of the fifty samples were considered. The 
results are summarized in Table 4. 

Thirty of the 50 quarters involved showed no evidence of mastitis before, 
at the time of, or after the finding of streptococci in the incubated samples. 
Cultures were obtained from these samples in several instances and were 
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TABLE 4 

Evidence of Mastitis in Quarters Yielding Streptococci in Incubated Milk Only 


NUMBER OF 
QUARTERS 

STREPTOCOCCI 

IN INCUBATED 
MILK 

STREPTOCOCCI 

DETECTED 

BY BLOOD 
AOAR PLATES 

LABORATORY EVIDENCE OF MASTITIS 

Two weeks 
preceding 
test 

At time 
of test 

One month 
following 
test 

30 . . 

+ 

0 

0 

0 

0 

3 

+ 

0 

0 

0 

+ 

7 

+ 

o 

0 

+ 

+ 

1 

+ 

0 

0 

+ 

0 

9 

+ 

0 

+ 

-1- 

+ 


identified as saprophytes. As the quarters from which these samples were 
obtained failed to shed strexitocoeci on subsequent tests, it seems probable 
that the streptococci found in the incubated samples originated from outside 
the udder in spite of the precautions taken against contamination in collect- 
ing the samples. 

On the other hand, three of the 50 quarters developed other evidence of 
streptococcal mastitis during the month following the finding of streptococci 
in the incubated samples. Cultures isolated from these quarters have been 
identified as the type commonly responsible for infectious chronic mastitis. 

Seven quarters which gave no evidence of mastitis two weeks previously 
gave other evidence of mastitis at the time of the test and also on subsequent 
tests. 

One quarter, only, gave other evidence of mastitis at the time of the test, 
without showing evidence of mastitis on subsequent tests. 

Nine quarters known to have been affected with chronic streptococcal 
mastitis for some time gave samples in which the causative organism appeared 
in the incubated milk, but failed to do so on the blood agar plates. Blood 
agar plates inoculated with portions of samples collected two weeks pre- 
viously and one month later revealed the presence of streptococci. 

While incubated milk occasionally contains streptococci which are not 
responsible for mastitis, the results presented show that the presence of strep- 
tococci in the udder which cause mastitis is detected sooner by the use of 
incubated samples than by the inoculation of blood agar plates with portions 
of fresh samples, and that chronic shedders of streptococci are detected 
more frequently by the use of incubated milk than by the other methods 
used. 


RELATIVE EFFICACY OF METHODS OF DETECTING STREPTOCOCCI 
ASSOCIATED WITH MASTITIS 

Of the 360 samples included in this investigation 79 showed positive 
evidence of mastitis and contained streptococci, as revealed by one or several 
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of the tests employed ; whereas 281 samples failed to show evidence at the 
time of making the comparisons. In order to determine the relative efficacy 
of the different methods used in detecting streptococci associated with 
mastitis, the per cent of the 79 samples yielding streptococci by each method 
was calculated. The incidence of the appearance on blood agar of colonies 
of saprophytic streptococci, diplococci or diphtheroids which resembled 
colonies of streptococci responsible for chronic mastitis is recorded in Table 
5 under the heading '‘false positives.” The incidence of streptococci in 
incubated samples from apparently healthy quarters was determined also. 
The incidence of false positives was calculated by dividing the number of 
samples in which the results of a given method indicated falsely the presence 
of pathogenic streptococci, by the number of samples which showed no other 
evidence of streptococcal mastitis. 


TABLE 5 

Relative Efficacy of Methods of Defecting Streptococci Associated with Mastitis 


METITOPS EMPLOYED 

| PFH CENT OK TESTS WHICH GAVE 

Positive results ! 

False positives 

Blood ngur plate streaked with whole 
milk 

60.8 

1.1 

Blood /igar plate streaked with sedi- 
ment 

77.2 

1.8 

Blood agar plate — dilution method 

76.0 

0.7 

Direct microscopic examination 

3.8 

0.0 

Microscopic examination of sediment 

8.9 

0.0 

Microscopic examination of incubated 
milk 

98.7 

13.5 


The efficacy of the three methods used in inoculating blood ,agar plates 
was as follows: plates streaked with a four mm. loopful of whole milk, 60.8 
per cent; plates streaked with a four mm. loopful of sediment, 77.2 per cent ; 
and plates inoculated by the dilution method, 76.0 per cent. While the use 
of sediment gave a higher percentage of positive findings than the dilution 
method, plates inoculated with sediment gave a higher percentage of false 
positives, because of the higher incidence of weakly hemolytic colonies of 
saprophytic streptococci, diplococci or diphtheroids on plates inoculated 
with sediment. 

On the basis of the results obtained, the finding of streptococci in films 
prepared from freshly drawn samples or from sediment obtained from a 
10 cc. portion of the sample invariably indicated that the sample was ob- 
tained from an animal affected with streptococcal mastitis. However, these 
two methods detected less than 10 per cent of the 79 diseased quarters. 
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Microscopic examination of incubated milk was 98.7 per cent effective 
in detecting streptococci in samples collected from quarters affected with 
streptococcal mastitis. However, streptococci w r ere observed in 38 or 13.5 
per cent of the 281 samples collected from quarters which gave no other 
evidence of mastitis at the time. Three of the 38 quarters developed mastitis 
during the following month while 35 failed to do so. 


DISCUSSION 

In comparing the relative efficacy of six different methods used for the 
detection of the causative organism of chronic streptococcal bovine mastitis, 
360 individual quarter samples were examined. Seventy-nine or 2]. 9 per 
cent of the samples showed laboratory evidence of mastitis and the presence 
of streptococci by one or more of the tests used. The incidence of positive 
findings given by the six methods, when used in the examination of the 79 
sample# collected from affected quarters was as follows: 


Method used 


Per rent 
positive 


1. Direct microscopic examination of films (whole milk) 3.8 

2. Direct, lnwroseopu* examination of films (sediment) 8.9 

3. Blood agar plates streaked with a 4 mm. loopful of whole milk <>0.8 

4. Blood agur plates inoculated by the standard dilution method (I cc. of a I to JO 

dilution) 70.0 

5. Blood agar plates streaked with a 4 mm. loopful of sediment from JO cc. of cen- 

trifuged milk 77.2 

0. Microscopic examination of films prepared from samples incubated over-night 98.7 


The samples in which streptococci were detected by direct microscopic 
examination of films prepared from whole milk and from sediment were 
from quarters that had been affected with chronic mastitis for a period of 
at least a year. 

The per cent of the 281 samples from apparently healthy quarters, which 
gave weakly hemolytic colonies on blood agar that were apparently either 
saprophytic streptococci, diplococei or diphtheroids was as follows: Blood 
agar streaked with whole milk, 1.1 per cent, blood agar inoculated by the 
dilution method, 0.7 per cent, and blood agar streaked with sediment, 1.8 
per cent. 

Streptococci were detected in films prepared from incubated portions 
of 38 or 13.5 per cent of the 281 samples which gave no evidence at the time 
of the test. Three of the 38 quarters yielding these samples gave laboratory 
evidence of mastitis a month after the test. 


CONCLUSIONS 

Microscopic examination of films prepared from incubated milk revealed 
the presence of the causative organism of chronic streptococcal bovine mas- 
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titis in a larger number of instances than (1) direct microscopic examina- 
tion of films prepared from whole milk or sediment, and (2) blood agar 
plates inoculated with a 4 mm. loopful of whole milk, or a 4 mm. loopful of 
sediment, or 1 cc. of a 1 to 10 dilution of the sample. 

In the absence of other laboratory evidence of mastitis, the finding of 
streptococci in incubated samples should not be taken as conclusive evidence 
of infection with the organism which is commonly responsible for chronic 
infectious bovine mastitis. The significance of the finding of streptococci 
in such instances can be determined only by isolation and identification of 
the streptococcus found in the sample. 
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LESPEDEZA HAY FOR DAIRY CATTLE 

W. B. NEVENS 

Department of Dairy Husbandry , University of Illinois , Urbana, Illinois 

Lespedeza is assuming a role of importance in the southern and south- 
central portions of Illinois, although it has been grown extensively in the 
southeastern states for a number of years. The crop has a number of uses, 
namely, for pasture, for seed, for hay, and for soil improvement. 

Since lespedeza is a leguminous plant having a protein content similar 
to that of alfalfa and soybeans and can be grown on soils relatively low in 
productivity, it gives promise of being a means not only for improvement in 
the feeding of dairy cattle, but for soil improvement as well. 

It was the object of the feeding trial reported herewith to measure the 
feeding value of lespedeza hay for milk production and for gain in weight 
of dairy heifers by comparing it with alfalfa hay. 

Several determinations of the composition or feeding value of Lespedeza 
hay have been made. It is assumed that unless otherwise stated in the re- 
port that the variety was either Lespedeza striata (Japan clover) or Lespe- 
deza stipulacea (Korean lespedeza). 

Studies of Lespedeza striata (Japan clover) hay at the Louisiana Station 
(1), (2) showed a total protein content of 11.7 per cent, and a digestible 
protein content of 7.6 per cent. At the early bloom stage, the hay consisted 
of 55 per cent leaves containing 20 per cent protein and 45 per cent stems 
containing 8 per cent protein. Exposure of the hay to rain for several days 
lowered the palatability but changed the chemical composition very little. 

Studies of the Korean variety (3), (5) showed that it was lower in pro- 
tein than alfalfa but (3) about the same as alfalfa in its content of calcium 
and phosphorus. Five tests in Ohio (9) showed the lespedeza hay to con- 
tain 11.4 per cent protein. Two trials (4), (8) with dairy cows indicated 
that lespedeza hay was slightly less valuable than alfalfa hay while another 
(7) showed but little difference between alfalfa, lespedeza and soybean hays. 
In one of these trials (8) the cows yielded less milk but gained more weight 
during lespedeza hay feeding than when soybean hay was fed. Lespedeza 
hay fed to steers (11) gave greater gains and greater economy than alfalfa 
hay or soybean hay, 

A study (6) of the composition of Lespedeza sericea hay showed it con- 
sisted of 52 per cent leaves and fine stems and contained 8.6 per cent protein. 
Another study (10) of hay of the same variety showed that hay harvested 
June 4 and 17, July 1 and 15, had protein contents of 12.3 per cent, 11.2 
per cent, 10.6 per cent, and 9.5 per cent, respectively. In Ohio (9) sericea 
hay harvested June 28 to July 14 contained 12 to 13 per cent protein, while 
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second cutting hay harvested September 20 from the same plots contained 
14.5 to 17.6 per cent protein. 


DESCRIPTION OF FEEDS USED IN TRIAL 

The lespedeza hay was of the Korean variety and was grown in Sullivan 
County, Indiana, a few miles from the Indiana-Illinois state line. The crop 
was a volunteer stand and very heavy. The field was clipped and raked in 
July with the result that the hay crop which was harvested in September was 
nearly free from foreign matter. The crop was cut in early bloom. Part 
of the hay was cured and baled without exposure to rain. Both the leaves 
and stems of this part of the hay had a high green color. The remainder 
of the hay was exposed to rain and both leaves and stems were bleached. 
Both lots of hay retained the leaves on the stems almost completely. The 
best hay was fed to cows and the bleached hay to heifers. 

The alfalfa hay was grown within a few miles of Urbana. That fed to 
the cows consisted of second cutting hay which was fine stemmed, leafy and 
had a high green color. The alfalfa hay fed to the heifers was second and 
third cutting hay somewhat coarser in quality than the other lot, but had a 
bright green color. 

Samples of each of the four lots of hay were sent to the Bureau of Agri- 
cultural Economics of the IT. S. Department of Agriculture, for grading. 
The grades assigned were as follows : 

Kind of May Grade 1 Hay fed to 


Lespedeza (A) 


Lespedeza (B) 
Alfalfa (A) 

Alfalfa (B) 


U. 8. No. 1 Extra Leafy Extia Green Lespedeza 
with 60 per cent leafiness and a trace of 
foreign material 

U. S. No. 1 Extra Leafy Lespedeza with 55 per 
cent leafiness and 5 per cent foreign material 
U. 8. No. 1 Extra Green Alfalfa with 80 per 
cent color and 45 per cent leafiness and a 
trace of foreign material 
U. 8. No. 1 Alfalfa with 65 per cent color, 40 per 
cent leafiness and a trace of foreign material 


Cows 


Heifers 

Cows- 


Heifers 


The corn silage was of good quality. It was made from heavily-eared 
Reid Yellow Dent corn, well advanced in maturity. It contained about 32 
per cent dry matter. 

The grain mixture was made up according to the following formula: 
shelled corn, ground, 300 pounds; oats, ground, 320 pounds; wheat bran, 
250 pounds; soybean oil meal, 100 pounds; salt, 15 pounds; steamed bone 
meal, 15 pounds. It contained 88.25 per cent dry matter and approximately 
14 per cent total protein. 

Dried beet pulp was fed to some of the highest producing cows at the rate 
of 4.5 pounds per head daily. 
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GENERAL PLAN OF FEEDING TRIAL 

The trial consisted of two periods, each four weeks in length. Period 1 
was preceded by a 1-week preliminary period and Period II by a 1-week 
transition period. 

Two groups of cows and two groups of heifers were used. Each group 
of cows consisted of 8 Holsteins and 1 Jersey while the heifer groups con- 
tained animals of four breeds. The cow groups were made up by choosing 
two cows as nearly alike as possible with respect to breed, stage of lactation, 
milk yield, stage of gestation, etc., and placing one cow of this pair in Group 
I and the other in Group II. The heifer groups were made up in the same 
way except that breed, age, size, stage of gestation and amount of feed con- 
sumed daily were the factors upon which pairs were selected and division 
into groups was made. 

The animals of a pair were fed exactly the same kind and amounts of 
feed except for the kind of hay. An attempt was made to have the animals 
consume very large amounts of hay and to this end silage was fed in small 
amounts to the cows while the heifers were limited to hay and grain mixture 
only. The refused portions of the hay were collected from the mangers fre- 
quently and placed in gunny sacks. These portions, which absorbed mois- 
ture as a result of being nosed over by the cows, were dried and the amounts 
calculated to the same moisture basis as the hay fed. Samples of all feeds 
for analysis were taken weekly. 

At the close of Period 1, the groups of animals which had been fed 
lespedeza hay were fed alfalfa hay and the groups which had received 
alfalfa hay were given lespedeza hay. 

The animals were weighed on three consecutive days at the beginning 
and end of each period and also once weekly. Each milking of each cow was 
^weighed and sampled. Composite samples Avere tested weekly for butter- 
fat content. 

COMPARATIVE FEEDING VALUES 

Palatability . — The lespedeza hay was less palatable than the alfalfa hay 
as determined by a preliminary test that was made to select animals 
which would consume lespedeza hay in large enough amounts for the trial. 
Some cows and heifers would not consume lespedeza hay as readily or in as 
large amounts as alfalfa hay. The fact that alfalfa hay had been fed 
regularly to the herd prior to this test must be considered, however. 

The animals employed in the feeding trial consumed hay in large amounts 
per head daily and also in relation to body weight, with a negligible amount 
of hay refused. (Table I.) 

Value for Milk Production . — The milk yields of the cows during the 
periods of lespedeza hay feeding were nearly the same as when alfalfa hay 
was fed. The actual yields were 47.04 pounds daily per cow, while lespedeza 
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TABLE 1 

Amounts of Eay Consumed 


KIND OF HAT 

KIND 

OF 

ANIMALS 

AMOUNT 
FED DAILY 
FEE HEAD 

AMOUNT 

REFUSED 

daily PER 
HEAD 

| amount consumed daily 

Per head 

Per 100 lbs. 
live weight 



lbs. 

lbs. 

per ct . 

lbs . 

lbs . 

Lespedeza (A) 

Cows 

21.65 

.15 

.69 

21.50 

1.66 

Alfalfa (A) .. 

it 

21,65 

.13 

.60 

21.52 

1.66 

Lespedeza (B) . . .. 

Heifers 

12.84 

.06 

.47 

12.78 

1.72 

Alfalfa (B) 

a 

12.85 

.01 

.08 

12.84 

1.72 


hay was fed, and 46.55 pounds during the alfalfa hay periods. Because of 
slight differences in test, a more accurate comparison is obtained by convert- 
ing the milk yields to an energy basis, as shown in Table 2. While the 
milk yield and gain in weight were slightly greater during lespedeza hay 
feeding, these differences are not considered significant. 


TABLE 2 

Summary of Results of Feeding Lespedeza Eay in Comparison with Alfalfa Edy to 

Dairy Cows 


KIND OF HAY 

NO. OF 
COWS 

FEED CONSUMED DAILY 
PEE COW 

GAIN IN 
WEIGHT 
DAILY 

PER COW 

TEST OF 
MILK 

MILK YIELD 
DAILY PER 
COW 1 

Silage 

Hay 

Grain 



lbs. 

lbs. 

lbs. 

' lbs. 

per cent 

lbs. 

Lespedeza . 

18 





3.81 

45.7 

Alfalfa 

18 





3.68 

44.3 


1 Milk energy in terms of 4% milk computed according to the formula .4 x mUk (in 
pounds) + 15 x fat (in pounds). 

2 Includes 2.2 pounds dried beet pulp. 


Value for Gain in Weight . — Slightly different grades of hay than those 
fed to the cows were employed in the feeding trial with growing dairy 
heifers. The gain in weight was about 2 per cent greater during the periods 
of lespedeza hay feeding than during the feeding of alfalfa hay, but this 
difference is considered too small to be significant. The gain of approxi- 
mately 1,3 pounds per head daily is satisfactory for heifers of this weight. 
No doubt, more rapid gains could have been obtained by reducing the 
amounts of hay and increasing the amounts of grain fed, but it was con- 
sidered desirable for the purposes of this trial to have the hay form as large 
a proportion of the ration as possible. 

Conditioning Effect . — Careful observations of the laxative properties of 
the feeds indicated that the rations containing lespedeza hay were no more 
or no less laxative in their effect than the alfalfa hay rations. No teats to 
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TABLE 3 

Summary of Results of Feeding Lespedeza Hay in Comparison with Alfalfa Hay to 

Dairy Heifers 


KIND OP HAY 

NO. OF 
HEIFERS 

LIVE 
WEIGHT 
PER HEAD 

FEED CONSUMED 
DAILY PER HEAD 

GAIN IN 
WEIGHT DAILY 
PER HEAD 

Hay 

Grain 



lbs. 

lbs. 

lbs. 

lbs. 

Lespedeza 

23 

745 

12.78 

3.61 

1.32 

Alfalfa 

23 

748 

12.84 

3.60 

1.29 


TABLE 4 

Percentage Composition of Hays Fed 


KIND OP 
HAY 

DRY 

MATTER 

PROTEIN 

. 

ANIT 

FIBER 

ETHER 

EXTRACT 

N-FREE 

EXTRACT 

CaO 


LEAVES 1 

Lespedeza 

(A) 

84.3 

12.7 

4.1 

, 

: 

19.0 

1.9 

46.6 

3.0 

.4 

62 

Lespedeza 

(B) 

85.9 

12.8 

4.1 

19.1 

1.7 

48.2 

2.8 

.4 

56 

Alfalfa 

(A) 

87.2 

16.1 

6.6 

21.4 

2.1 

41.0 

4.9 

.3 

49 

Alfalfa 

(B) 

88.1 

16.3 

6.4 

26.0 

2.3 

37.1 

4.4 

.4 

49 


1 Determined by separating large samples into stem and leaf portions. 


determine this point were conducted, however. No harmful or undesirable 
effects upon the health or condition of the cattle which could be traced to 
the lespedeza hay feeding were observed. 

Chemical Composition . — The lespedeza hay was found to be lower than 
the alfalfa hay in its content of protein, liber, total ash, and lime. Judged 
by chemical composition alone, the lespedeza hay was inferior in feeding 
value to the alfalfa hay, although the lower fiber content of the lespedeza 
hay is a point in its favor. Evidently the hay and grain mixtures of 
both the lespedeza and alfalfa rations supplied plenty of protein, so that 
the lower protein content of the lespedeza hay was not a factor which af- 
fected the results of the feeding trial. 

SUMMARY 

The feeding value of lespedeza hay was compared with that of alfalfa 
hay in feeding trials with dairy cows and dairy heifers. 

The lespedeza hay was somewhat less palatable than the alfalfa hay. 

The particular lot of lespedeza hay fed to dairy cows proved practically 
equal pound for pound to the alfalfa hay fed, as judged by milk yields and 
gain in weight of the cows. Slightly lower grades of both lespedeza hay and 
alfalfa hay were found practically equal pound for pound for gain in weight 
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of growing dairy heifers. In both trials, however, it is likely that adequate 
amounts of protein were supplied, so that the lower protein content of the 
lespedeza hay was not a limiting factor. 

No differences in the laxative properties or conditioning effects of lespe- 
deza hay and alfalfa hay were observed. 

The lespedeza hay was found to be lower than the alfalfa hay in its con- 
tent of protein, fiber, total ash, and lime. 
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THE PREPARATION OF MOLD POWDER FOR BLUE- 
VEINED CHEESES* 

B. V. HU8SONG and B. W. HAMMER 
Iowa State College , Amen, Iowa 

In the manufacture of blue-veined cheeses the usual method of inocula- 
tion has been to sprinkle spores of the desired mold, in the form of a powder, 
over the curd at the time it is being placed in the hoops. A mold powder 
is commonly prepared by growing the mold on some medium and then dry- 
ing and powdering the mass of material. Various methods have been sug- 
gested for growing the mold, including (a) the inoculation of baked products 
specially prepared from rye, whole wheat or barley flour or of the interior 
of a loaf of ordinary bread (2, 3, 4), and (b) dipping strips of bread into 
an acid suspension of mold spores (1, 5). These procedures are carried out 
as aseptically as possible, and the inoculated material is usually incubated 
at a relatively low temperature. One method of limiting the growth of for- 
eign molds has been to gradually accustom the desired strain of mold to 
formalin and then dip the bread into an acid suspension of the mold spores 
containing 1 per cent formalin (5). 

Tn various attempts, at the Iowa Agricultural Experiment Station, to 
employ the commonly suggested methods for the preparation of mold pow- 
der, practical difficulties were encountered which made advisable the use of 
a method which could be more satisfactorily controlled. These difficulties 
included (a) the development of foreign molds in the inoculated material, 
(b) a relatively low yield of powder because of the failure of the mold to 
grow in a portion of the inoculated material, and (e) the long time required 
for spores to develop. 

METHOD SUGGESTED 

After employing various procedures for preparing mold powder, the fol- 
lowing method has been adopted for the preparation of mold powder to be 
used in the manufacture of Iowa Blue Cheese, a Roquefort type cheese made 
from cows’ milk. 

Medium used. Whole wheat bread is cut into cubes approximately 0.5 
inch on a side and placed in salt-mouth bottles, the bottles being filled from 
about one-third to about, one-half full. The bottles are plugged with cotton 
and sterilized at about 15 pounds pressure for about 30 minutes, care being 
taken to raise the temperature very slowly to prevent cracking of the glass. 
After partial cooling, the bottles are removed from the autoclave and fre- 
quently shaken to keep the pieces of bread from adhering in large masses. 

Received for publication April 15, 1935. 
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Fig. 1, Typk of Container Used for Growing Mold. 
Left, unmouilated , right, mold wdl developed. 


There seems to be an advantage in sprinkling the unsterilized bread with 
a small amount of water so that the sterilized material will not be too dry. 
Sterile water can also be added to the sterilized bread. 

Inoculation . Two methods of inoculating the sterilized bread have been 
employed. The first consists of making a suspension of spores in water and 
adding this to the sterile material. The second and preferred method con- 
sists of sterilizing several cubes of bread in a large test tube and inoculating 
them with the desired mold ; after sporulation has occurred the cubes are 
transferred to the bottles of bread and the bottles thoroughly shaken to dis- 
tribute the spores. With this procedure a very heavy inoculation of the 
bread is easily secured. 

Incubation. The inoculated bottles are incubated at 21° C. until copious 
spore formation has occurred. The time required varies from 8 to 12 days* 
depending on the strain of mold being used and, presumably, other factors. 


BLUE-VEINED CHEESES 


601 


During the incubation the bottles are shaken occasionally to insure heavy 
inoculation of all pieces of the bread and to keep the pieces from packing 
together and thus limiting the air supply. Even with frequent shaking, 
however, the pieces of bread overgrown with mold tend to settle together. 

Drying. The bread, covered with spores, is removed from the containers 
and dried in a thin layer on cheesecloth supported by a frame. If desired, 
cheesecloth can be spread over the layer of bread. The drying is carried 
out in a warm room and requires from 2 to 4 days. When only a small 
amount of bread is being dried it can be suspended in a cheesecloth bag. 

Grinding. After the material is completely dry it is pulverized in a 
small stone churn to which small stones have been added to serve as balls. 
Small amounts of bread can be ground in a mortar. The powdered material 
is passed through a 40-mesh screen to remove the larger particles. 

Storage. The finished powder is placed in tin cans and held in a cool 
place until used. 

GENERAL RESULTS WITH MODIFICATION OF THE METHOD 

Various modifications of the method, as outlined, have been used. White 
bread did not seem to support as good a growth of the molds employed as 
whole wheat bread. Cracker crumbs were less satisfactory than white 
bread, probably because the crackers tended to pack into large masses which 
prevented easy access of air. The addition of an aqueous solution of lactic 
acid did not appear to improve the growth of the molds with any of the 
materials used. Large Erlenmeyer or round flasks were employed but 
seemed to be less satisfactory than the salt-mouth bottles. The larger open- 
ings in the bottles may provide a better air supply than the smaller open- 
ings in the flasks. 

SPORE CONTENTS OF POWDERS 

The spore contents of the powders that have been made varied from 30 
million to 1.5 billion per gram, as determined by the plate method using 
tomato agar as the medium, with most of the powders having spore contents 
between 100 million and 300 million per gram. When the spores were sus- 
pended in water and a count made with a haemocytometer, much higher 
values were secured; with this procedure many of the spores were seen to be 
in groups. 
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A METHOD FOR THE MICROSCOPIC EXAMINATION OF 

BUTTER 


A. C. FAY 

Dairy Bacteriologist, Kansas Agricultural Experiment Station , Manhattan 

Many of the organisms of importance in the sanitary and industrial con- 
trol of butter are not easily detected by routine plating procedures, therefore 
microscopic examination of butter is advantageous under many circum- 
stances. Hammer and Nelson (1) devised a method which involves the 
separation of the fatty and non-fatty portions of the butter with the aid of 
heat and centrifugal force ; 0.01 ee. of the non-fatty portion is spread over 
1, 4, or 8 square centimeters, stained, and examined by the technique de- 
scribed by Breed (2). The value of such a method for both research and 
control purposes is obvious. 

The following method was designed primarily to eliminate some of the 
practical difficulties involved in the use of the 0.01 cc. capillary pipette and 
the centrifuge, and to provide a method which would lend itself to routine 
examination of large numbers of samples. 

The butter to be examined is melted by heating to 45° C. for a period 
not to exceed 15 minutes, after which it is agitated sufficiently to insure a 
homogeneous sample. 

(a) On a standard 1^3 inch, chemically clean, glass slide place 0.1 cc. 
of the melted butter, 1 drop of xylol, and 1 drop of Mayer’s egg-glycerine 
mixture. To prepare Mayer’s solution equal parts of egg albumin and 
glycerine are mixed, thoroughly beaten, and filtered through cotton. One 
per cent sodium salicylate should be added as a preservative, and the solu- 
tion kept in a refrigerator when not in use. Mayer’s solution is used to aid 
in fixing the smear to the slide. 

(b) With an 44 L” shaped platinum needle stir the butter, Mayer's solu- 
tion, and xylol together until the mixture is opalescent and homogeneous, 
then spread evenly over the entire area of the slide. It is important that 
the mixing of the ingredients be properly done before spreading the smear 
over the area of the slide. Proper mixing requires from 2 to 3 minutes. 

(c) Allow the preparation to dry, and at the same time coagulate the 
albumin by placing the slide on a flat bottle of hot water at approximately 
80° C. for 10 to 15 minutes. 

(d) Fix the smear in 70 per cent alcohol for 10 to 20 seconds, and allow 
to dry. 

(e) Immerse in xylol 2 minutes, and allow to dry. 

Received for publication May 2, 1935. 
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(f ) Stain in methylene bine for 1 minute, then wash by dipping the slide 
once in each of two vessels of water. Allow to dry in the air. 

(g) Examine under an oil immersion lens, the field of which has been 
standardized to a diameter of 0.157 mm. ( 3 ) . The average number of micro- 
organisms per field multiplied by 1,000,000 gives the number per cubic centi- 
meter of melted butter. 

If it is desirable to enumerate objects large enough to be seen with the 
lower magnifications of the microscope, standardize the diameter of the field 
of the high dry objective to 0.351 mm. and of the low power objective to 1.57 
mm.; multiply the average number of objects observed per field by the fac- 
tors 200,000 and 10,000 respectively to give the number per cubic centimeter 
of melted butter. The method described in this paper has been found to be 
equally advantageous for the microscopic examination of heavy cream. 
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VITAMIN D STUDIES IN CATTLE 

II. THE VITAMIN D SPARING ACTION OF MAGNESIUM IN THE 
RATION OF DAIRY CATTLE* 

C. F. HUFFMAN and C. W. DUNCAN 
Sections of Dairy Husbandry and of Chemistry, Michigan Agricultural 
Experiment Station, East Lansing 

The possibility of a vitamin D sparing effect of magnesium was noted by 
Huffman and coworkers (1) in 1930, when Calf C~44 recovered from rickets 
after commercial magnesium carbonate had been added to the ration. When 
this supplement was withdrawn from the ration, however, the rachitic symp- 
toms again became pronounced. Several other investigators have made 
similar observations, von Euler and Rydboin (2) working with rats re- 
ported that the addition of magnesium salts to a rachitogenic diet had an 
antirachitic effect. They explained the* results which they obtained upon 
the basis of increased phosphatase activity due to the magnesium ions. Kay 
(3) has also demonstrated that magnesium ions stimulate phosphatase activ- 
ity. Barbour and Winter (4) found a definite calcium retention in dogs 
which had been fed a basal diet supplemented with magnesium in the form 
of the gluconate or the lactate. Carswell and Winter (5) also found that 
magnesium appeared to favor calcium storage in man when the phosphorus 
intake was adequate. Becka (6) reported that certain magnesium com- 
pounds prevented or cured osteomalacia in cattle. Some investigators (7) 
(8), however, have reported that the addition of magnesium compounds to 
the diets have resulted in the disturbance of the calcium and phosphorus 
metabolism. The earlier work on the problem has been reviewed by Elmslie 
and Steenbock (9). 

In a previous report (10), in which the antirachitic value of sun-cured 
alfalfa was demonstrated, it was suggested that some portion of that value 
may have been due to the high magnesium content of the hay. The purpose 
of this investigation was to study the relationship of magnesium to rickets 
in calves when the basal rachitogenic ration was supplemented with (a) mag- 
nesium in the form of the carbonate or the oxide and (b) the efficacy of these 
compounds when a limited amount of vitamin D was introduced into the 
ration. 

EXPERIMENTAL 

Twelve healthy grade Holstein calves were used in this work. Calves 
C-99, C-101, C-104 and C-107 received whole milk up to 45 days of age, 
after which time the whole milk was replaced with skim milk, corn and oats. 

Received for publication May 4, 1935. 
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The corn and oats were replaced at about 90 days of age by a rachitogenic 
grain mixture, the composition of which appears below : 

Yellow corn 50 per cent Linseed oil meal 8.5 per cent 

Oats 20 per cent Calcium carbonate 1.0 per cent 

Corn gluten meal 20 per cent Sodium chloride 0.5 per cent 

The skim milk was discontinued at about 120 days of age. C-99 received 
10 cc. of cod liver oil per day and alfalfa hay ad lib. to 90 days of age in 
addition to the regular ration. C-159 had been used in another experiment 
and was not placed on the basal rachitogenic ration until 296 days of age. 

Calves C-170, C-172, C-173, C-174, 0-175 and G-176 were fed whole 
milk up to 30 days of age, after which time they received skim milk, corn 
and oats, and 5 cc. of cod liver oil per day. The corn and oats were replaced 
by the rachitogenic grain mixture at 90 days of age but the skim milk was 
not discontinued until 120 days of age. In addition to the above rations, 
C-172 and C-175 received one per cent of the dry matter of the ration as 
MgCO a (C.P.) and C-174 and C-lft) received an equivalent amount of mag- 
nesium as MgO (U.S.P.). The actual magnesium intake of each calf was 
the same. Calf C-89 received the same basal ration as C-44 ( 1 ) , namely, 
a grain mixture and wheat straw. 

The calves were kept in the barn during the day but were turned out for 
exercise at night. 

Shavings were used for bedding. The calves were offered water twice 
daily. Blood samples were taken from the jugular vein at least every two 
weeks and the plasma analyzed for calcium, inorganic phosphorus (10) and 
magnesium (11) by methods previously reported. The 8th rib on the right 
side, a section of the orbital plate and the right dental pad were used for 
the determination of ash, calcium, phosphorus and magnesium by methods 
which have already been recorded (10). 

RESULTS 

The results for a representative animal of each group are shown in Tables 
1-5 and in Figure 1. The ash contents of the moisture-free, fat-free 8th 
rib, orbital plate and dental pad are summarized in Table 6. 

Effect of Supplementing the Rachitogenic Ration with Magnesium 

Compounds 

Calf C—101. This calf manifested tetany at 95 days of age and again on 
the 106th day, at which time the calcium and inorganic phosphorus were 6.2 
and 8.01 mg. per 100 cc. of plasma. Tetany was again manifested two days 
later. The concentrations of calcium and inorganic phosphorus during this 
convulsion were 6.5 and 7.53 mg. Up to this time the calcium, phosphorus 
and magnesium intakes had averaged 7.0, 7.0 and 1.5 gm. per day respec- 
tively. Magnesium carbonate was added to the ration at this time which 
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TABLE 1 

C-104. Effect of the Eachitogenic Ration , Supplemented with Magnesium Carbonate , 
Upon the Plasma Calcium, Inorganic Phosphorus and Magnesium 



J Mg00 3 added to ration at 91 days of age. 
2 Legs started to bow. 


TABLE 2 

CSV. Effect of a Magnesium Carbonate Supplement Upon the Plasma Calcium and 
Inorganic Phosphorus When Wheat Straw Furnished the Only 
Source of Vitamin I) 





I’l.ASMA 

DATE 

\<;e 


fa 

V 


days 

lbs. 

mg. per 

100 cc. 

11-26-30 

367 

465 

10 2 

9.33 

12-5 

377 

488 

11.4 

8.33 

12-15 

387 

491 

10.8 

8.56 

12-25 

397 

501 

10.0 

8.47 

1-4-31 

407 

522 

8.3 

9.40 

1-14 

417 

527 

7.6 

7.76 

1-24 

427 

536 

10.2 

8.62 

2-3 

437 

564 

6.7 

6.90 

2-13 

447 

580 

1 6 8 

j 7.67 

2-23 

457 

581 

7.3 

8.93 

3-2 

465 1 

| down 

j 6.3 

6.96 

3-15 

477 

f i 

i ™ 

6.20 

3-25 . 

487 

< i 

9.8 

5.78 

4-4 

497 

1 1 

11.0 

5.39 

4-14 

507 

( < 

10.4 

5.67 

4-21 . . 

514 

« < 

9.5 

6.28 


i MgC0 8 added to ration at 464 days of age. 
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Fig. 1. Plasma calcium, inorganic phosphorus and magnesium curves of calves 
which received the nieliitogenie ration plus 5 cc. of cod liver oil per day, with and without 
a magnesium supplement, 

increased the magnesium intake to 10 gm. per day but the calcium intake 
decreased because of anorexia. Tetany was not observed again until the 
calf was 142 days of age. By this time the plasma inorganic phosphorus 
and magnesium tvere also much below normal for a calf of this age. The 
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calf was unable to use its hind quarters following this attack. Two days 
later it was given 30 cc. of standard cod liver oil and 100 units of parathor- 
mone. Another 100 units were given on the following day in an attempt 
to bring about recovery from coma. On the next day the calf had recovered 
from the comatose state while the calcium, inorganic phosphorus and mag- 
nesium were 5.6, 4.35 and 1.01 mg. per 100 cc. respective! y. Although the 
ration was changed to skim milk and sprouted oats at this time the inorganic 
phosphorus continued to decline, 0-101 died at 176 days of age. A frac- 
tured femur was found at autopsy in addition to the severely rachitic bones. 

Calf C—104. This calf was bled at 90 days of age, at which time the con- 
centrations of calcium and inorganic phosphorus were 9.4 and 6.32 mg. per 
100 cc. of plasma. The rachitic grain mixture containing 3 per cent mag- 
nesium carbonate replaced the corn and oats at 91 days of age. The change 
to the high magnesium ration did not aid in maintaining the plasma calcium 
and phosphorus at normal levels. The first evidence of rickets was observed 
at 137 days of age but the concentrations of calcium and inorganic phos- 
phorus had already declined to 7.8 and 5.37 mg. The intakes of calcium, 
phosphorus and magnesium were 7.0, 7.4 and 1.5 gm. per day respectively 
previous to the addition of the magnesium carbonate, but after the addition, 
the intakes increased to 15.6, 9.8 and 11.0 gm. per day respectively. When 
the calf was slaughtered at 194 days of ago the plasma calcium, inorganic 
phosphorus and magnesium values were 7.7, 5.14 and 2.13 mg. respectively. 
The rib bones were rachitic. Table 1 shows the typical blood findings of 
the calves in this group, although the inorganic phosphorus declined to much 
lower levels in some of the calves. 

Calf C-107. When this calf was first bled at 83 days of age the calcium 
and inorganic phosphorus were 8.9 and 6.48 mg. per 100 cc. of plasma. The 
addition of three per cent of the ration as magnesium carbonate at 91 days 
of age did not prevent the manifestation of rickets at 155 days of age. The 
concentrations of calcium and inorganic phosphorus had decreased to 8.0 
and 3.77 mg. by this time. When the calf was slaughtered at 200 days of 
age these values were 9.7 and 2.35 mg. Tetany was not observed in this calf. 

Calf C-99. This calf received the basal ration supplemented with 10 cc. 
of cod liver oil per day and sun-cured alfalfa hay ad lib. to 90 days of age. 
The blood values vrere normal at 120 days of age but during the next 60 days 
the calcium and inorganic phosphorus had steadily dropped to 7.3 and 5.68 
mg. per 100 cc. of plasma. Stiffness was not observed until the calf was 
205 days of age. The rachitic condition increased in severity, consequently 
3 per cent of the rachitic grain mixture was replaced with magnesium car- 
bonate at 234 days of age. Plate I illustrates the physical condition of the 
calf at this time. The plasma calcium, inorganic phosphorus and magne- 
sium values were 6.3, 5.13 and 1.47 mg. respectively. The ingestion of the 
magnesium salt failed to relieve the stiffness and caused the appetite to de- 
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Plate I 



1. C— 173 received the rachitogenic ration plus f> cc. of curl liver oil per day. Typical 
rachitic stance. C-174 received the same ration as C— 173 supplemented with magnesium 
oxide. 

2. 0-172 received the same ration as C-174, no evidence of rickets at 410 days of age. 

3. C-174. No evidence of rickets at 404 days of age. 

4. 0-99. Typical rachitic stance, one rear foot directly behind the other one and 
straight pasterns. Front legs bowed forward and outward. 

crease 50 per cent, but it temporarily increased the plasma calcium to 8.1 
mg. and the magnesium to 3.77 mg. There were no significant variations 
in the inorganic phosphorus. During the development of rickets the cal- 
cium, phosphorus and magnesium intakes were 11.5, 7.6 and 4.2 gm. respec- 
tively. Tetany was not observed in this calf. C-99 died at 256 days of age 
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at which time the concentrations of calcium, inorganic phosphorus and mag- 
nesium in the plasma were 6.9, 6.83 and 2.53 mg. respectively. The ribs 
were markedly rachitic. 

Calf C-159. This calf had been used previously to determine the cura- 
tive value of viosterol. At 296 days of age the viosterol was discontinued 
and the calf was placed on the basal rachitic ration. The plasma calcium 
maintained its normal position until 366 days of age when it abruptly 
dropped to 8.1 mg. per 100 ee. and progressively declined to a minimum of 
6.1 mg. at 395 days of age. Stiffness was also observed at this time. There- 
fore, sufficient magnesium oxide was added to the ration to increase the mag- 
nesium intake from 6.9 to 16 0 gm. per day. In the absence of vitamin D, 
the afldition of the magnesium oxide failed to alleviate the hypocalcemia and 
did not prevent the rachitic condition from becoming more severe. The calf 
was removed from this phase of the experiment at 436 days of age. 

Effort of Supplement ini / the Rarhitogrnir Ration with a Small 
Amount of Vitamin I) and Magnesium Compounds 

Calf C-89. This calf received the same ration as C-44 (1) which con- 
sisted of a grain mixture and wheat straw. C-89 developed a case of low 
calcium, normal phosphorus rickets by 462 days of age. The animal was 
also unable to use its hind quarters after this date. As indicated in Table 
2, 5 per cent of magnesium carbonate was added to the ration at 464 days of 
age. The concentrations of calcium and inorganic phosphorus were 5.9 and 
6.25 mg. per 100 ee. of plasma on this day. The change in the ration led to 
an immediate and considerable increase in the plasma calcium but only 
caused insignificant variations in the inorganic phosphorus. When this 
animal was slaughtered at 514 days of age, post-mortem examination re- 
vealed a fractured vertebra which had completely calcified and bones which 
failed to show the gross evidence of rickets. 

The addition of magnesium supplements to the rachitogenic rations of 
0-99, C-101, 0-104, C-107 and 0-159 failed to prevent or to cure rickets 
in the absence of vitamin D but the marked response which had been ob- 
served in C-89 indicated the possibility that the ingested magnesium might 
have exerted a vitamin I) sparing action. We (12) had previously demon- 
strated that 10 ee. of standard cod liver oil per day protected heifers from 
rickets to about 15 months of age after which time the plasma calcium and 
inorganic phosphorus values became subnormal. Five cc. of standard cod 
liver oil per day, which furnished insufficient vitamin D to meet the require- 
ments, were added to the basal rachitic ration of 6 calves. The calcium, 
phosphorus and magnesium intakes of calves 0-170 and C-173, which were 
fed the basal ration plus 5 cc. of cod liver oil, were approximately 10.0, 7.0 
and 2.0 gm. per day respectively up to 6 months of age and approximately 
16.5, 11.0 and 6.5 gm. per day from 6 to 10 months of age. C-174 and C-176 
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were fed the same ration supplemented with magnesium oxide and C-172 
and C-175 received the same ration supplemented with magnesium carbo- 
nate. The calcium and phosphorus intakes were the same as for C-170 and 
C-173 but the magnesium intake was 7 gm. per day to 6 months of age and 
16 gm. per day from 6 to 10 months of age. 

Calf C-170. The body weights, plasma calcium, inorganic phosphorus 
and magnesium values appear in Table 3. During the first 4 months of age 
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C-170. Effect of the Rachitogenic Ration , Supplemented With 5 co . of Cod Liver Oil 
Per l)ay f Upon the Plasma Calcium, Inorganic Phosphorus and Magnesium 


DATE 

A(iE 

WT. 


PLASMA 

DATE 

a(;e 

WT. 


PLASMA 

Oa 

P 

Mr 

Ca 

P 

Mg 


days 

lbs. 

mg. 

per LOO ec. 


days 

lbs. 

mg. 

per 100 cc. 

5-11-32 

10 

97 

11.6 

6.69 

2.12 

10-28 

180 

243 

8.7 

5.58 

2.13 

5-21 

20 

96 




11-7 

190 

269 




5-31 

30 

103 


5.81 

1.99 

11-17 

200 

286 

8.7 

6.54 

2.57 

6-10 

40 

111 

12.6 

7.02 

2.14 

11-27 

210 

301 

10.5 

6.69 

2.93 

6-20 

50 

118 

13.6 

5.74 

2 62 

12-7 

220 

326 

9.5 

7.53 

2.75 

6-30 

60 

128 




12-17 

230 

345 




7-10 

70 

140 

13.5 

7.76 

2.74 

12-27 

240 

355 

8.8 

6.13 

2.60 

7-20 

80 

146 

14.1 

0.65 

2.88 

1-6-33 

250 

377 

9.3 

5.32 

2.69 

7-30 

90 

153 




1-16 

260 1 

396 




8-9 

100 

161 

13.2 

0.38 

2.45 

1-26 

270 

411 

8.1 

6.41 

2.62 

8-19 

110 

178 

11.9 

7.35 

2.51 

2-5 

280 

429 

7.3 

5.71 

2.58 

8-29 

120 

189 




2-15 

290 

448 

8.3 

5.12 

2 33 

9-8 

130 

194 

12.2 

5.95 

2.69 

2-25 

300 

462 




9-18 

140 

198 

30.6 

4.90 

1.90 

3-7 

310 

463 

8.0 

5.34 

2.78 

9-28 

150 

208 


5.17 

2.63 

3-17 

320 

461 

9.4 

4.73 

2.59 

10-8 

100 

220 




- 3-23 

326 

473 




10-18 

170 

230 

9.6 

5.10 

2.08 








1 Stiff at 266 clays of age. 

this calf had a few inorganic phosphorus values which were below 6.5 mg. 
per 100 ce. of plasma, whereas all of the calcium values maintained a normal 
position throughout .this period. During the fifth and sixth months of age 
the inorganic phosphorus values were consistently below normal. They 
returned to normal during the seventh month, then progressively declined 
to a minimum of 4.73 mg. at the end of the survival period. The calcium 
values did not drop to below normal until the sixth month. They increased 
slightly during the seventh month, after which time subnormal values pre- 
vailed to tlie end of the experiment. The increased concentrations of cal- 
cium and inorganic phosphorus during the seventh month were associated 
with an increased appetite for grain, thereby causing an appreciable increase 
in the calcium, phosphorus and magnesium intakes. The plasma magnesium 
values also increased during this period and maintained a normal position 
until the end of the experiment. Rickets, as indicated by stiffness, were first 
observed at 266 days of age. The condition rapidly became more pro- 
nounced and by the time of slaughter at 326 days of age, the calf was very 
stiff. 
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Calf C-173. This calf grew at a slower rate and evidenced stiffness at 
an earlier age than C-170. The plasma calcium values were normal through- 
out the experiment, with few exceptions. The inorganic phosphorus values, 
however, were all below normal after 90 days of age. Stiffness was first 
observed at 220 days of age when the calcium and inorganic phosphorus 
values were 11.3 and 6.07 mg. per 100 cc. of plasma. The inorganic phos- 
phorus continued to drop until at slaughter, at 336 days of age, it 
had reached a minimum of 3.90 mg. During the time when rickets were 
most pronounced, the plasma magnesium values were normal. The rachitic 
condition of this calf is shown in Plate 1. 

Calf C-172, This calf received the basal ration supplemented with mag- 
nesium carbonate until 11 months of age, at which time the carbonate was 
replaced by magnesium oxide. This animal was continued on experiment to 
determine the duration of the vitamin D sparing action of the magnesium 
oxide. The results are shown in Table 4. The plasma calcium and inor- 


TAItLE 1 

C-l?,?. Vitamin L) Sparing Effect of Magnesium Cat honate When Fed as a Supplement 
to the Rachitognuc Station 1*1 u s* 5 cc. of Cod Savvy Oil P<r Day 



AGE 


V 

T.AKMA 


DA I K 




PLAN NT 

A 



(’a 

I* 

Mk' 



Oa 

1 » 



da vs 

lb v. 

mg. per 100 cc 


days 

lbs. 

mg. 

per 100 cc. 

5 - 27-32 

20 

98 

14.7 

6.51 

2.03 

1 2-33 

240 

373 




c - r > 

30 

108 




1-12 

250 

410 

11.5 

7.81 

2.91 

0 -16 

40 

115 

14.6 

8.23 

2 29 

1—22 

260 

408 

112 

8.39 

2 75 

6-26 

50 

121 

13.8 

7.81 

2.39 

2-1 

270 

425 

10.3 

7 40 

2.53 

7-6 

60 

131 

13.5 

4.50 

1.95 

2-11 

280 

446 




7-16 

70 

145 




2—21 

290 

469 

10.8 

7.86 

2 32 

7-26 

80 

161 

14.1 

8.93 

2.15 

3-3 

300 

479 

10.5 

6 95 

3.18 

8-5 

90 

178 

13.8 

7.71 

2.17 

4-2 

330 ’ 

508 

10.7 

7.10 

3.15 

8-15 

100 

184 




5-2 

360 

553 

1 1.2 

6.83 

2.87 

8-25 

no 

204 

12.6 

7.76 

2.06 

6-1 

390 

589 

10.4 

7 04 

2.51 

9-4 

120 

223 

131 

7.49 

2.71 

7-1 

420 

599 

10.8 

6.12 

4.05 

9-14 

130 

223 

13.1 

6.69 

2.07 

7-31 

450 

647 

9.0 

7.03 

3.25 

9-24 

140 

240 




8-30 

480 

667 

10.1 

7.09 

2.56 

10-4 

150 

246 


8.81 

2.34 

9-29 

510 

715 

11.1 

6.04 

2.91 

10-14 

160 

258 

11.2 

7.27 

3.92 

10-29 

540 

735 

3 3.0 

6.90 

3 17 

10-24 

170 

268 




11-28 

570 

790 

12 1 

6.41 

2.88 

11-3 

180 

299 

11.2 

6.87 

1.91 

12-28 

C00 2 

824 

11.0 

6.74 

3.41 

11-13 

190 

302 

10.2 

7.53 

2.62 

1 - 27-34 

630 

881 

12.0 

5.65 

3.28 

11-23 

200 

318 

11.8 

7.14 

2.90 

2-26 

660 3 

878 

10.6 

5.17 

2.70 

12-3 

210 

337 




3-28 

690 * 

837 

10.1 

3.34 

3.01 

12-13 . 

220 

353 

11.9 

8.33 

2.08 

4-16 

709 ° 


9.5 

2.35 

2.67 

12-23 

230 

369 

12.2 

7.44 

2.82 

4-23 

716 6 


8.9 

2.60 

2.73 


1 Changed to MgO. 2 First evidence of stiffness. 8 Stiff. 1 Hocks enlarged. 8 Calved. 
6 Died. 


ganic phosphorus values were normal, with very few exceptions, to 20 
months of age. The normal condition of this animal is shown in Plate I. 
The clinical evidence of rickets coincided with the first manifestation of 
stiffness at 602 days of age. The calcium and inorganic phosphorus values 
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were 11.0 and 6.74 mg. per 100 cc. of plasma at 600 days of age. This ani- 
mal developed all of the clinical symptoms of rickets yet the plasma calcium 
and inorganic phosphorus values remained within the normal limits. Fol- 
lowing the first evidence of stiffness, however, the inorganic phosphorus 
steadily dropped. C-172 was bred at 447 days of age. The demand for 
additional vitamin I) for gestation undoubtedly aggravated the rachitic con- 
dition. Both the calcium and inorganic phosphorus had decreased to 9.5 
and 2.35 mg. at the time of calving. C-172 died 7 days following calving, 
at which time these values were 8.9 and 2.60 mg. 

Calf C-175. This calf also received magnesium carbonate as a supple- 
ment to the rachitogenic ration. The inorganic phosphorus values were 
within the normal range throughout the entire experiment. The plasma 
calcium values were also normal with the exception of the four terminal 
values which were only slightly subnormal. The terminal calcium, inorganic 
phosphorus and magnesium values were 9.4, 8.50 and 3.31 mg. per 100 cc. 
of plasma respectively. This animal did not manifest stiffness at any time. 
It was slaughtered at 320 days of age. 

Calf C-174. This calf received the basal ration supplemented with mag- 
nesium oxide and was kept on this ration to determine the duration of the 
effectiveness of the magnesium supplement in preventing rickets. The con- 
dition of this animal at 404 days of age is shown in Plate T. C-174 was bred 
at 448 days of age and conceived at this service but she aborted at 524 
days of age. The anorexia, which was associated with the premature expul- 
sion of the fetus, exaggerated the rachitic condition. Stiffness was first 
observed at 583 days of age. The plasma calcium values were all within the 
normal range during the experiment and only 6 subnormal inorganic phos- 
phorus values were observed from birth to 500 days of age. After this age 
the inorganic phosphorus slowly declined to a minimum of 3.93 mg. per 100 
cc. of plasma. C-174 developed normal calcium, low inorganic phosphorus 
rickets. She was slaughtered at 602 days of age, at which time the plasma 
calcium, inorganic phosphorus and magnesium values w T ere 11.9, 5.43 and 
3.08 mg. respectively. 

Calf C-176. This calf received the basal ration supplemented with mag- 
nesium oxide. The results are shown in Table 5. Almost all of the plasma 
calcium and inorganic phosphorus values were within the normal range. 
There were only two calcium values below 10.0 mg. per 100 cc. (9.6 and 9.9 
mg.) and only two inorganic phosphorus values were below 6.0 mg. (5.17 
and 5.48 mg.). 

There was no evidence of stiffness. To all outward appearances this 
animal was normal at the time of slaughter at 317 days of age. The termi- 
nal plasma calcium, inorganic phosphorus and magnesium values were 10.8, 
6.41 and 3.18 mg. respectively. 

Post-mortem examination of the long bones of the animals receiving a 
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TABLE 5 

C-176. Vitamin D Sparing Effect of Magnesium. Oxide When Fed as a Supplement to 
the Bachitogcnic Bation Plus 5 cc. of Cod Liver Oil Per Day 


DATE 




PLASMA 

DATE 

ACE 



PLASMA 



Oa 

P 

Mg 


Ca 

P 

Mg 


days 

lbs. 

mg . ; 

per 100 ce. 


days 

lbs. 

mg. 

per WO ce. 

6-18-32 

20 

108 

13.8 

8.87 

2.40 

11-25 

180 

277 

10.6 

7 58 

2.80 

6-28 

30 

110 

15.0 

8.83 

2.47 

12-5 

190 

296 




7-8 

40 

121 




12-15 

200 

311 

11.2 

7.71 

2.74 

7-18 

50 

131 

13.9 

7.62 

2.36 

12-25 

210 

328 

11.8 

6.22 

2.62 

7-28 

60 

142 

13.3 

6.79 

2.07 

1-4-33 

220 

345 

11.5 

7.35 

3.31 

8-7 

70 

158 




1-14 

230 

367 




8-17 

80 

176 

13.9 

7.14 

1.98 

1-24 

240 

373 

10.8 

6.28 

2.60 

8-27 

90 

177 




2-3 

250 

399 

9.9 

6.38 

3.06 

9-6 

100 

202 

12.9 

6.72 

2.37 

2-13 

260 

416 




9-16 

110 

215 

13.8 

8.62 

1.63 

2-23 

270 

433 

10.9 

6.87 

2.44 

9-26 

120 

233 




3-5 

280 

440 

10.7 

6.69 

3.68 

10-6 

130 

237 


8.33 

2.91 

3.15 

290 

434 

10.5 

6.22 

2.67 

10-16 

140 

230 

9.6 

5.17 

1.56 

3-25 

300 

453 




10-26 

150 

228 

10.3 

5.48 

2.17 

4-4 

310 

459 

11.2 

6.79 

3.52 

11-5 

160 

250 




4-11 

317 

470 

10.8 

6.41 

3.18 

11-15 

170 

262 

11.4 

6 69 

2 74 








TABLE <> 

Ash and Percentage Composition of Pones and Terminal Plasma Values of Calves which 
Bern red the Bachitogcnic Bation, Supplemented with Magnesium Carbonate 
or the Oxide, With and Without Cod Liver Oil 


CALF 

DONE 

ACE 

WT. 

a sir 

< "il 

!• 

Mg 

Ca 

PLASMA 

V 

Mg 

No. 


da us 

tbs. 

____ 


ft”"" 


mg. per 100 cc. 

0-1 70 

8th 

323 

473 

45.36 

17.41 

8.10 

0.49 

9 4 

4.73 

2.59 

CM 73 

right 

319 

323 

44.98 

17.75 

8.18 

0.66 

9.0 

3.90 

2.93 

CM 72 

rib 

718 

837 

49.60 

19.98 

9.06 

0.80 

8.9 

2.60 

2.73 

0-172*8 


0 1 

74 

47.60 

18.20 

8.7J 

0.51 




CM 74 


602 

740 

50.80 

19.60 

9.05 

0.82 

1 1.9 

5.43 

3 08 

0-175 


318 

565 

50.90 

19.37 

9.24 

0.74 

9.4 

8.50 

3 31 

CM 76 


317 

470 

49.45 

19.80 

9.12 

0.66 

10.8 

6.41 

3.18 

C-99 

Orbital 

256 

255 

47.61 




6.9 

6.83 

2.53 

0-104 

Plate 

194 

244 

45.77 




7.7 

5.14 

2.13 

CM 70 




46.80 

18.71 

8.35 

0.57 




CM 73 




44.20 

17.43 

7.94 

0.66 




0-89 


514 

down 

30.82 




9.5 

6.28 


0-174 




53,85 

21.00 

9.56 

0.80 




0-175 




53.35 

20.91 

9.52 

0.91 




0-176 




51.00 

20.45 

9 08 

0.86 




C-99 

Dental 



48.96 







0-104 

Pad 



47.89 







C-107 


206 

154 

42.51 




9.7 

2.35 

2.47 

0-170 




46.86 

17.35 

8.27 

0.58 




0-173 




46.95 

18.59 

8.16 

0.63 




0-89 




54.79 







C-174 




54.50 

21.25 

9.62 

0.95 




0-176 




50.25 

19.50 

8.77 

0.72 




C-176 




50.20 

20.30 

8.86 

0.75 





i Full terra calf, stillbirth, 
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magnesium supplement showed these bones to be in almost as poor condition 
as similar bones from the animals which did not receive a magnesium sup- 
plement. There was a pronounced difference, however, between the two 
groups when the costochondral junctions were compared. In 0-170 and 
0-173 these junctions had considerable uncalcified osteoid tissue while in 
0-175 and 0-176 these areas were well calcified, yet upon gross examina- 
tion, the ribs of the two latter animals appeared to be soft. The ash values 
for the 8th rib, orbital plate and dental pad were higher for the latter two 
animals than for the two calves which did not receive a magnesium supple- 
ment. The ash and mineral analyses are summarized in Table 6. Plate JI 
shows the lack of trabeeulation in the femur of 0-170 and the improved 
trabcculation in the femur of 0-175. 

DISCUSSION 

It was evident from the results with calves C-99, C-101, C-104, 0-107 
and C-159 that the addition of either magnesium carbonate or the oxide to 
the raehitogenic ration failed to produce antirachitic effects. These results 
are in agreement with other workers (7) (8) who reported that the addition 
of magnesium compounds to raehitogenic diets either failed to cure rickets 
or interfered with normal bone formation. The results with C-89, however, 
indicated that the addition of magnesium carbonate to a ration containing 
wheat straw aided in restoring the blood calcium to normal and also revealed 
at autopsy, the complete calcification of a previously fractured vertebra. 
Oat straw has been shown to contain some vitamin D (13). Both C-170 and 
(1-173, which received the raehitogenic ration plus 5 ce. of cod liver oil, de- 
veloped marked rickets, which were indicated by a prompt and continuous 
decline in the concentrations of calcium and inorganic phosphorus in the 
plasma and by stiffness. The addition of magnesium supplements to the 
raehitogenic rations of C-172 and C- 175 (MgO) and 0-174 and 0-176 
(MgCO,,) demonstrated that these supplements were only effective in the 
prevention of rickets when a small amount of vitamin D was present in the 
ration. 

The magnesium supplements aided in maintaining the normal concentra- 
tions of calcium and inorganic phosphorus in the blood of the calves up to 
10.5 months of age when 5 ce. of cod liver oil per day were added to the 
ration. There was also a tendency, although not marked, for the concen- 
tration of magnesium to increase in the plasma, but, the concentration never 
increased sufficiently to produce drowsiness. Hirschf elder (14) reported 
that coma set in when the concentration of magnesium reached 17 mg. per 
100 cc, and that a number of patients showed a decided drowsiness or even 
slight coma when the concentrations were only about two-thirds of this value. 
There is a slight possibility that the moderate increase in the plasma mag- 
nesium may have reduced the sensation of pain so that stiffness did not take 
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Plate II 



1. Lack of trabeculae in a femur from C-170. 

2. Improved trabecula ti on in a femur from C-175. 

place in these calves. There were no manifestations of clinical rickets by 
these animals up to 10.5 months of age but the rachitic conditions of C-170 
and C-173 were severe when these calves were slaughtered at the above age. 

The two animals, C-172 and 0*174, which were kept on the rachitic 
ration supplemented with 5 cc. of cod liver oil per day and a magnesium 
supplement, did not become stiff until about 20 months of age. In the case 
of these young cows, whose skeletons could not have been as completely cal- 
cified as fully mature cows, the mineral drain in favor of the fetus was espe- 
cially serious. The degree of calcification of C~172 , s calf was not appre- 
ciably modified by the apparent lack of vitamin D as the ash and mineral 
analyses of the 8th rib were less than 10 per cent below the normal values 
for a new-born calf. 
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Although the plasma calcium and inorganic phosphorus values and the 
absence of stiffness of the calves fed the magnesium supplements indicated 
better calcium and phosphorus utilization, yet their bones appeared soft. 
The long bones appeared to be in almost as poor condition as those from the 
calves receiving the rachitogenic ration without the magnesium supplement. 
Plate II illustrates the condition and amount of trabeculae in a comparative 
longitudinal section of a femur from each group. The ash and mineral 
values of the 8th rib, orbital plate and dental pad would also indicate im- 
proved utilization of calcium and phosphorus due to the ingestion of the 
magnesium supplements. The differences in the ash values were not due to 
differences in growth because C-170 and C-173 gained 360 and 256 pounds 
during the first 300 days of age while C-172, C-174, C-175 and C-176 each 
gained 376, 398, 451 and 353 pounds respectively during the same period. 
The rapid growth of C-175 probably accounts for the subnormal plasma 
calcium values toward the end of the experiment. 

Our results indicate that some magnesium compounds have a vitamin D 
sparing effect. This sparing action may be due to increased solubility of 
calcium in the intestines since Forbes (15) reported that magnesium in- 
creased the solubility of calcium in vitro. It may be inferred that magne- 
sium may be substituted for calcium in the excreta and by this means pro- 
mote calcium utilization. The mechanism of the magnesium action may also 
be due to its effect upon phosphatase activity as suggested by von Euler and 
Bydbom (2) and Kay (3). Hommerberg (16) reported that with low con- 
centrations of phosphatase, a certain amount of magnesium was necessary to 
activate the enzyme. He also stated that the phosphoric acid esters seemed 
to decompose spontaneously under the influence of magnesium. 

. From the fact that these magnesium compounds exerted a definite vita- 
min D sparing effect, it may be indicated that the magnesium content of 
feeds should be taken into consideration when evaluating their antirachitic 
potency. Legume hays and corn silage may exert a greater antirachitic 
influence than their vitamin D content would indicate. 

SUMMARY AND CONCLUSIONS 

1. The addition of magnesium carbonate to a rachitogenic ration failed 
to prevent the manifestation of clinical rickets in calves. 

2. The addition of magnesium carbonate to the ration of C-89, after the 
onset of rickets, caused an increase in the plasma calcium and promoted the 
calcification of a fractured vertebra. Four pounds of wheat straw furnished 
the only source of vitamin D. 

3. The rachitogenic ration fed to calves C-170 and C-173 supplemented 
with 5 cc. of cod liver oil per day did not protect these calves from rickets. 

4. The addition of one per cent — on the dry-matter basis — of magnesium 
carbonate to the rations of calves C-172 and C-175 prevented the clinical 
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symptoms of rickets to 10.5 months of age. C-172 had normal plasma cal- 
cium and inorganic phosphorus values, while C-175 had normal inorganic 
phosphorus values and a few subnormal terminal calcium values during this 
period. 

5. When the same level of magnesium oxide was added to the rations of 

C-174 and C-176, no clinical evidence of rickets was observed. The plasma 
calcium and inorganic phosphorus values were normal up to 20 months of 
age for C-174 and to 10.5 months of age for C-176. C-172 which received 

magnesium oxide in place of magnesium carbonate after 11 months of age 
had normal calcium and inorganic phosphorus values to 20 months of age. 

6. The ash and mineral values of the bones indicated better calcium and 
phosphorus utilization due to the ingestion of magnesium supplements. 

7. The results of this experiment indicate that the magnesium content of 
feeds for dairy cattle may contribute to their antirachitic effect. 
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THE EFFECT OF SEASON OF THE YEAR AND ADVANCING 
LACTATION UPON MILK YIELD OF JERSEY COWS 


P. T. BIX ARNOLD ani> R. B. BECKER 
Department of Animal Husbandry , Florida Agricultural Experiment Station, 
Gainesville, Florida 

INTRODUCTION 

Advancing lactation long lias been observed to decrease daily milk yield 
of dairy cows, but the seasonal influence upon daily milk yield has been 
studied little, mainly for lack of a satisfactory method of analysis. Such a 
method was applied recently at the Florida station, in a study of variations 
in the butterfat tests of Jersey milk (3). The same method has been ap- 
plied to an analysis of daily milk yields. 

THE STATION HERD AN1) ITS ENVIRONMENT 

The Florida station dairy herd earlier consisted of both registered and 
high grade Jersey cows, the majority of which were bred and raised on the 
farm. As described recently (3), the herd is located in the middle of the 
north end of the Florida peninsula, under an environment which varies less 
than does that of many dairy regions, due to proximity of large bodies of 
water and the general direction of tin* prevailing winds. Feeding practises 
have been relatively uniform over the period of years for which records 'were 
studied (1917 to 1932, inclusive), except for modifications in mineral con- 
tent brought about mainly by inclusion of bone-meal in the concentrates. 
The rations and feeding practises followed were described in Florida station 
technical bulletin 262. 


REVIEW OE LITERATURE 

The influence of the season of freshening on total milk yield has been 
the object of a number of investigations. McDowell (13) assembled records 
of 64 cow testing associations between 1910 and 1920, comprising 10,870 
cow-years. He found that the fall-fresh cows were the highest producers, 
followed by those calving during winter, summer and spring. Cannon (4) 
tabulated 68,000 records of Iowa dairy herd improvement association cows 
of all breeds for the years 1925 to 1930, and noted that the cows fresh during 
November produced the most milk, and those fresh during June yielded the 
least milk during the year. Wylie (18) analyzed 2,900 Jersey Register of 
Merit records completed in the United States in 1921, and noted that those 
Jerseys fresh in July produced the most, and those calving in November 
were the next highest in milk production. The group of cows that calved 
during August were lowest in milk yields. 

Received for publication May 8, 1935. 
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Hogstrom (12), using 891 lactations mainly by Ayrshire and grade 
Ayrshire cows in Sweden, observed the highest milk yields among cows 
calving in August, and the lowest in the group fresh in November. Headley 
(11), in Nevada, studied 124 lactations by Holstein cows fed uniformly 
throughout the year, and noted that the highest and lowest yielding groups 
freshened in winter and in September, respectively, nammond and Sand- 
ers (10) found in England that the highest milk yields were obtained from 
cows calving in the autumn, and the minimum yields from those fresh in 
July, based on lactation records of four recording societies, with animals 
of eight breeds. Sanders (14) also found the highest milk production with 
cows that calved during October, November and December. 

The decline in rate of secretion due to advancing lactation has been 
observed rather widely. Eckles (7) points out that the second month in 
lactation is the highest in milk production. From this point to the eighth 
month the decline is gradual, but it is more rapid from the ninth to twelfth 
months for cows calving annually. Cows not bred to calve within the year, 
as sometimes is practised on official test, do not show as marked a decline 
after the eighth month, due to delayed breeding. Carlyle and Woll (5) 
found on the average, an eight per cent decrease in milk yield for each 
month during the progress of the lactation period, in a study involving 
five breeds. 

Woll (17) studied the lactations of 323 eov\s of three breeds, and found 
that the monthly decline in average daily Tnilk yield was 2.3 pounds between 
the first and eighth months. From the ninth to the twelfth months, the 
decline was at the rate of 3.3 pounds, or a 43 per cent greater rate of decline 
in the daily milk production near the close of the lactation. Beach (2) 
showed the average monthly decrease from the first to the eighth months to 
be 6.5 per cent, but double that rate from the eighth to the tenth month after 
calving. Turner (16) studied 3,215 Guernsey Advanced Registry lactation 
records, and found the average daily production to be 34.3 pounds of milk 
in the second month; 23.7 pounds in the eighth month and 17.9 pounds in 
the twelfth month. With 305 Jersey Register of Merit records in Missouri, 
maximum daily milk yield was 30.0 pounds in the first month after calving ; 
20.6 pounds in the eighth month and 17.3 pounds the twelfth month. 
Ninety-five Holstein records in the station herd attained a maximum average 
daily milk yield of 40.3 pounds in the second month ; 29.3 pounds in the 
eighth month and 20.1 pounds in the twelfth month. With cows under 
official testing conditions, breeding often is delayed in order that the inhibi- 
tory effect of advancing gestation may affect the record as little as possible. 
This may account for the lower rate of decline after the eighth month. 

The seasonal influence on daily milk production has not been studied 
apart from other modifying factors. Many investigators have made obser- 
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vations similar to Farrington’s (8), that milk yield increased when cows 
were changed from the stable onto spring pastures. 

EXPERIMENTAL METHODS 

Milk records of registered and high grade Jersey cows in the station 
dairy herd between 1917 and 1933 were assembled by ten-day periods, using 
the date of calving as the first day of the lactation. These were computed 
to uniform age basis, using the factors of Clark (6) for Jerseys milked 
twice daily. Lactations were grouped according to the month of freshening, 
and by seasons of the year, as defined previously for this latitude (1). 

Statistical significance and the relationship of the variance arising from 
the advance in lactation and from milk yield at different seasons of the 
year, were determined by application of Fisher’s “Z” test (9), as modified 
by Snedecor (15). The 1 44-cell arrangement of milk production by months, 
by groups of cows calving during each month of the year, allowed an even 
distribution of one factor throughout the data while making an analysis for 
the second factor. (Illustrated in Table 2). 

PRESENTATION OF RESULTS 
Season of freshening 

The 319 lactations available for this study showed an average production 
per lactation of 5,262 pounds of milk, computed to maturity. The distribu- 
tion of these lactation records according to season of calving, was reasonably 
uniform, as shown in Table 1. The differences in average milk yield between 

TABLE i 

Average Milk Yield by Jersey Cows Calving at Different Seasons of the Year in Florida 


SKA SON 

NUMBER OF 
LACTATIONS 

A VERA OK MILK 
YIELD 

I’EHOKNTAGK OF 
AVERAGE LACTATION 

Spring 

74 

4,803.0 

92.42 

Summer* 

104 

8,339.0 

101.45 

Autumn* 

70 

5,435.7 

103.29 

Winter 

71 

5,445.1 

103.47 

Average 

319 

5,202.6 

100.00 


* Because of the latitude and environment, “seasons” in Florida have been defined 
on the basis of the average dates of first and last killing frosts of winter (3 months), and 
on the duration of the rainy season in summer. On this basis, Summer includes June, 
July, August and September, and Autumn consists only of October and November. 

groups, however, were not significant. It may be recalled in this connection 
that the seasonal variations in temperatures fluctuate within a narrow range 
in the Florida peninsula, because of its proximity to the Gulf of Mexico 
and the Atlantic Ocean. 
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ADVANCING LACTATION AND SEASONAL INFLUENCE ON MILK YIELD 

The decline in milk production with advancing laclation and the rate of 
milk production in the different seasons of the year were measured by 
assembling the data for an analysis of variance (15). Individual milk 
yields w r ere assembled by consecutive 30-day periods for the cows that 
freshened in the several calendar months. The calculated average milk 
yields thus do not represent c.ract calendar month a, which vary from 28 to 31 
days in length. Instead, they are 30-day periods for the groups of cows 
that freshened in these months, and in sufficient numbers that the records 
involved come very close to centering near the middle of each calendar 
month. Tlius, the monthly milk yields were analyzed for both rate of pro- 
duction in consecutive months after calving, and also for calendar months 
throughout the year, irrespective of dates of calving. The results of this 
analysis are shown in Table 2. 

The rate of decline with advancing lactation was measured with an even 
distribution of the seasonal influence throughout the data. Based on the 
previous month’s milk production, the rates of decline in milk secretion 
after the second month in lactation were calculated to be 8.96, 8.58, 8.37, 
9.58, 8.98, 11.33, 16.74, 22.06, 26.57 and 27 51 per cent, respectively. This 
show’s a relatively uniform rate of decline from the second through the 



turns of Jersey cows milked twice daily in the Florida station herd. Seasonal variation 
in milk production in the local environment at this latitude (30° N.) was only one-fourth 
the magnitude of the variation due to advancing lactation. 
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seventh month, and a progressively greater rate thereafter. This greater 
rate of decline in milk secretion in the later months of lactation has been 
shown by many investigators to be associated with the depressing influence 
of advancing stage of gestation. 

Advancing stage of lactation was a far greater factor affecting milk yield 
than was season of the year, as seen in Figure 1, and in the analysis of 
variance in Table 3. 


TABLE 3 

Sourocs of Variance and Significance of Variations Affecting Monthly Milk Yields 

of Jersey Cows 


SOURCE OP VARIATION 

DEGREES OP 
FREEDOM 

SUM OF 
SQUARES 

MEAN 

SQUARE 

*'F" VALUE 

Total 

144 - 1 = 143 

5,015,722.35 



Between months after 
calving 

12 - 1= 11 

4,522,949.42 

411,177.22 

147.46 

Between calendar months 

12 — 1= 11 

145,389.65 

13,217.24 

4.74 

Remainder 

11x11 = 121 

337,383.27 

2,788.29 , 

! 


The seasonal influence on milk production, irrespective of advancing 
lactation, acts within a relatively narrow range in the environment of 
Florida. The low average monthly milk production occurred during 
November and December, and the high average monthly milk production in 
June. The change in rate of production was gradual between these points. 


TABLE 4 

The Relationship Between Mean Temperatures , Average Rainfall and Monthly Milk 
Production of Jersey Cows at the Florida Station , 1917 to 1932 


MONTH 

MEAN TEMPERATURE 

AVERAGE 

PRECIPITATION 

AVERAGE MILK 
PRODUCTION 

Maximum 

Minimum 

Average 


degrees 

degrees 

degrees 

inches 

pounds 

January 

68.7 

46.5 

57.6 

3.15 

402.7 

February 

71.7 

48.7 

60.2 

2.83 

414.7 

March 

75.4 

52.8 

64.1 

3.62 

423.9 

April 

81.4 

57.4 

69.4 

3.23 

445.1 

May 

86.5 

62.5 

74.5 

3.46 

472.2 

June 

89.7 

68.8 

79.25 

6.96 

481.2 

July 

90.6 

70.8 

80.7 

9.07 

464.0 

August 

90.7 

i 70.8 

80.75 

6.27 

437.5 

September 

89.0 

69.1 

79.05 

5.36 

430.2 

October 

82.9 

61.2 

72.05 

2.56 

410.5 

November 

74.6 

51.4 

63.0 

1.94 

380.2 

December 

69.5 

47.0 

58.55 

2.59 

380.7 

Total 


1 


51.04 

5,142.9 
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Milk yields began to decline before the highest mean temperature was 
attained early in the summer rainy season. 

Moisture and warm temperatures favor the growth of pasture grasses. 
The relationship between grass growth and milk secretion was not consid- 
ered. Agronomic data are necessary before this relationship can be studied. 
The average mean temperature, rainfall and milk yields by month, of Jersey 
cows in the Florida station herd for the years 1917 to 1932, inclusive, are 
shown in Table 4. 


SUMMARY AND CONCLUSIONS 

The relatively uniform environment of Florida was not conducive to 
significant differences in yearly milk production between groups of Jersey 
cow r s calving during the different seasons of the year. 

Advancing stage of lactation, irrespective of season of the year, produced 
a relatively uniform rate of decline in monthlv milk yield from the second 
through the seventh month in milk. The progressively greater rate of 
decline after the seventh month is associated with the inhibiting factor of 
advancing gestation. 

The seasonal influence on milk yield, irrespective of advancing lactation, 
resulted in maximum rate of milk production during June, and the, minimum 
during November and December. The peak of milk production was attained 
in advance of the mean maximum temperature early in the summer rainy 
season. 
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OBSERVATIONS ON THE FREEZING OF MILK 
AND CREAM 

I. THE EFFECT OF FAT CONCENTRATION UPON THE DIS- 
TRIBUTION OF CONSTITUENTS IN THE FROZEN 
AND UNFROZEN PORTIONS OF PARTIALLY 
FROZEN MILK AND CREAM* 

F. BRUCE BALDWIN, Jr. ani. F. .7. DOAN 
Pennsylvania Agricultural Experiment Station, Slate College, Pa. 

FOREWORD 

In the freezing of milk and cream pure ice separates from the super- 
cooled liquids in the form of spiny crystals, which, without agitation, usually 
build up into definite structures. To separate the ice quantitatively from 
the liquids is almost a physical impossibility since the crystal structures 
enmesh, by capillarity and obstruction, considerable quantities of the liquids 
and their components. Consequently, in any separation of the unfrozen and 
frozen portions of partially frozen milk and cream, short of washing, the 
frozen portion always contains, in addition to the congealed substance 
(water), considerable portions of the liquid phase held physically. This is 
generally recognized and the terms “frozen portion” and “unfrozen por- 
tion” as used in this paper are subject to this interpretation. Furthermore, 
it is realized that milk and cream theoretically would not freeze totally until 
a temperature lower than the cryohydrie point of the ingredient having the 
lowest cryohydrie point is reached. They become apparently totally frozen, 
however, when no liquid drains from the icy structure and the products are 
solid masses exhibiting no leakage even when broken up. It is in this sense 
that the term “total freezing” is commonly used and it is so used in this 
paper. 

It is generally known that as milk freezes the constituents are progres- 
sively concentrated in the unfrozen or liquid portion leaving the frozen or 

Received for publication May 8, 1935. 
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congealed portion depleted. This was shown as early as 1886 by Veith (1) 
and has been substantiated numerous times since. A possible exception to 
this statement might be made relative to the milk fat. The literature ex- 
hibits contradictory findings in this respect (2, 3, 4, 5, 6, 7, 8). Some in- 
vestigators show data indicating that the fat is more concentrated in the 
unfrozen liquid ; others show it to be higher in the frozen portion ; and still 
others obtained contradictory results in different trials. The consensus of 
opinion seems to be that the degree of freezing, coupled with the time re- 
quired for freezing (during which interval creaming takes place) influences 
markedly the distribution of fat between the frozen and unfrozen portions. 
Henzold (9) found that freezing with mild agitation always produced a 
higher fat and solids content in the unfrozen portion compared with freezing 
without agitation. The variations in the distribution of fat and other 
ingredients between the frozen and unfrozen portions of partially frozen 
milk and cream have never been systematically sludied over the entire 
range of freezing. 

Until quite recently it has been assumed that cream freezes similarly 
to milk. However, Baldwin and Combs (10) and later Trelogan and 
Combs (11) found that cream containing 25-30 per cent of fat or over 
freezes homogeneously so far as the fat is concerned and that an analysis 
of a sample chipped from the surface of a solidly frozen block will give 
results checking in per cent of fat with the original unfrozen cream. 

The last mentioned workers (12) attribute this homogeneity to the fact 
that cream of this richness exhibits practically no evidence of fat-rising when 
aged at low temperatures. This question then arises: Hoes such cream 
freeze homogeneously with respect to the other ingredients as well as the fat, 
and if so, where is the transition point between homogeneous and hetero- 
geneous freezing? 

The purpose of the investigation reported here w^as to study systemati- 
cally the progressive freezing of milk and cream, over the entire range to 
total freezing, hoping thereby to explain some of the apparent inconsistencies 
in the literature relative to fat distribution; to determine whether cream of 
25 per cent fat content and over freezes homogeneously with respect to the 
ingredients other than fat ; and, to note the possible effect of the fat phase 
on the phenomenon. 


EXPERIMENTAL 

Methods 

Skimmilk and wdiole milk and cream mixtures were standardized to 
contain 0 per cent, 4 per cent, 13-15 per cent and 25 per cent of fat respec- 
tively and were frozen undisturbed in 2-quart covered tin containers in still 
air at - 23 to -28° C. until they had congealed to varying degrees. Upon 
removal from the freezing chamber the unfrozen portion was immediately 
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carefully strained through a coarse cheese cloth. Any ice crystals remain- 
ing on the cloth were put with the frozen portion and the latter was thawed 
in a water bath maintained at from 40° to 45° C. until no ice remained. 
Analyses for the amount of fat, total solids, and titra table acidity, and deter- 
minations of the freezing point and the pH were then made on the frozen 
and unfrozen portions. 

Milk fat was determined by the Babcock method, total solids by the 
Mojonnier method, titratable acidity according to the method of the 
A. O. A. C. (13), the freezing point using a Ilortvet cryoscope (13), and 
the pH with a Leeds and North rup potentiometer using the quinhydronc 
electrode. 

The degree of freezing was determined by weighing the frozen portion, 
and is stated in terms of the percentage by weight of the original. 

The results are averages of from three to twelve trials at each percentage 
frozen for which a point is recorded on the graphs. 

In order to make all of the results comparable, the analyses of the original 
samples (prior to freezing) were used as a reference and the results obtained 
for the frozen and unfrozen portions are recorded as the differences (either 
plus or minus) from the original. 

Under the conditions used, the time to freeze to 100 per cent (apparently 
solid) w r as approximately 12 hours. The time was reduced somewhat as the 
fat content of the samples increased. The percentage frozen was a linear 
function of the time up to about 60 per cent frozen after which freezing 
w T as less rapid. 


Distribution of Fat in Partially Frozen Milk 

When fluid milk containing 4 per cent of fat was partially frozen, 
analyses of the frozen and unfrozen portions made at intervals from the 
time freezing became evident until almost completely frozen, showed that 
the fat percentage of the two portions varied considerably and inversely 
over the entire range of freezing. Figure 1 shows the average results 
obtained in this study. At the start of freezing the fat percentage of the 
frozen portions v^as lower than the original, but after approximately 35 per 
cent of the fluid was frozen, the fat percentage was higher than the original, 
and remained higher until approximately 75 per cent w 7 as frozen when the 
difference between the frozen portion and the original became negligible, 
and remained so until the milk was entirely frozen. The fat content of the 
unfrozen portion behaved in inverse fashion up to the time about 85 per 
cent of the milk was frozen after which wdth further freezing the fat content 
decreased sharply. 

A study of the cross section of a frozen block of milk indicated that 
creaming of the milk occurred during freezing and suggested that the 
variable analytical results obtained were probably related to the speed of 
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Percentage ' of milk frozen 

freezing (particularly of the surface), the rapidity and completeness of 
creaming and the size and shape of the container. Considering the results 
obtained, it is not to be wondered at that the data in the literature show such 
wide diversity. 

In order to prove that the analytical results shown in Figure 1 are 
caused by the creaming phenomenon of the milk, two other series of samples 
were frozen in similar fashion. These samples were treated to destroy the 
creaming tendency by homogenization at 2500 pounds pressure and by heat- 
ing the milk to 80° C. for 30 minutes prior to freezing. The average results 
obtained in this study are plotted in Figure 2. When the creaming of the 
milk was prevented by either method, the fat percentage of the unfrozen 
portion increased progressively over the course of freezing, while that of the 
frozen portion decreased at first but as the solidly frozen condition ap- 
proached, the fat percentage increased to nearly that of the original unfrozen 
milk as would be expected. 

These results show that the creaming tendency of milk, frozen without 
agitation, is the factor responsible for the variable fat distribution in the 
frqzen and unfrozen portions of the product. 
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Distribution of Total Solids in Partially Frozen Milk and Cream 

It has been shown by other investigators (10), (11), (12), and confirmed 
again by us that cream containing more than about 2f) per cent of fat freezes 
practically homogeneously so far as the fat is concerned. Whether this also 
holds true for the other ingredients of such cream, however, has not been 
previously determined. 

The effect of increasing fat concentration upon the distribution of the 
total solids constituents in the unfrozen and frozen portions of partially 
frozen milk and cream was studied using skiinmilk, 4 per cent milk, 13-15 per 
cent cream and 25 per cent cream. The average results obtained in several 
trials are presented in Figure 3. These demonstrate that as the fat concen- 
tration of the milk or cream increases, the tendency toward diffusion or con- 
centration of the total solids of milk into the unfrozen portion decreases. 
The cream containing 25 per cent of fat exhibited almost homogeneous dis- 
tribution of the total solids throughout the entire course of freezing. It 
would seem, therefore, that all of the constituents of cream containing more 
than 25 per cent of fat are distributed homogeneously between the frozen 
and unfrozen portions of such cream when freezing is allowed to progress 
without agitation. 

Distribution of the Soluble Constituents in Partially Frozen Milk and Cream 

It was thought desirable to investigate separately the distribution of 
soluble ingredients of milk and cream during freezing, since they would be 
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Per centre of product -frozen 

much more likely to diffuse into the unfrozen portion than any of the others. 
This was first studied by determining the freezing points of the unfrozen 
portions of the products used previously. Determinations were made at 
various degrees of freezing as before. In addition, a fifth series consisting of 
13-15 per cent homogenized cream was included in the comparison. 

The results are shown in Figure 4. Apparently the fat phase exercises a 
strong restraining action on the diffusion of soluble substances into the un- 
frozen portions of the freezing products. This is not particularly evident in 
the case of 4 per cent milk but shows clearly with the 13-15 per cent cream 
while with the 25 per cent cream diffusion is apparently prevented entirely. 
Of particular interest are the results obtained with homogenized 13-15 per 
cent cream. The creation of a stable fat emulsion and increased viscosity in 
this product reduced diffusion almost as completely as in the 25 per cent 
cream. This again emphasizes the relation of cream rising and fat globule 



OBSERVATIONS ON THE FREEZING OF MILK AND CREAM 


635 



Percentage of product -frozen 


clustering to the concentration of materials in the unfrozen portions. Ho- 
mogenization of the wliole milk gave results (not shown) little different from 
those obtained without homogenization, indicating that the amount of fat is 
the controlling factor and the stability of the emulsion a secondary one. 

Further supporting data showing the effect of the fat phase on the con- 
centration of soluble materials in the unfrozen portions of partially frozen 
milk and cream are given in Figure 5 and Figure 6. Figure 5 exhibits the 
pH of the unfrozen portions during the course of freezing and Figure 6 the 
titratable acidity. 

The data show conclusively that no appreciable increase in soluble sub- 
stances takes place in the unfrozen portion of cream containing as much as 
25 per cent of fat in the course of freezing. The data for richer cream are 
not included. Likewise analyses of the frozen portions of the samples are 
omitted since the results were what would be expected from a study of the 
data in Figures 4, 5 and 6. 

The slight increase in pH of the unfrozen portion of 25 per cerd cream 
as freezing progress is interesting. In a paper to follow, further data show 
this occurs consistently when cream is frozen or partially churned, whereas 
when the emulsion is completely broken, the pH of the serum drops back to 
about the original figure. 
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The decrease in titratable acidity of the unfrozen portion of 25 per cent 
cream as freezing progresses is to small to be significant and is probably 
due to the occlusion of small amounts of “acid” substances in the butter 
particles commonly noted in cream frozen more than 40-50 per cent. 

SUMMARY AND CONCLUSIONS 

When whole milk is partially frozen in an undisturbed condition, the fat 
concentration in the frozen and unfrozen portions over the entire range of 
freezing is dependent upon the cream rising phenomenon of the milk and its 
speed relative to the speed of freezing; also to some extenl, naturally, on the 
shape and size of the container. Milk that exhibits normal creaming ability 
shows variable concentrations of fat in the frozen and unfrozen portions 
from the time freezing first becomes evident until the milk is completely 
frozen. 

When the creaming ability of the milk is destroyed (by heating or homo- 
genization), the fat concentration of the unfrozen portion increases progres- 
sively with the degree of freezing, while that of the frozen portion is de- 
creased at first, but finally approaches the fat percentage of the original milk 
as the degree of freezing approaches 100 per cent. 

Increasing fat concentrations in milk or cream retard the diffusion or 
concentration of the milk constituents (both colloidal and soluble) into the 
unfrozen portion of the freezing products, and when the fat concentration 
reaches 25 per cent, such diffusion is practically prevented and the cream 
freezes homogeneously. The diffusion is possibly inhibited because of the 
increased viscosity with increasing fat content and also because of the more 
effective sealing of the interstices between the developing ice crystals by the 
increased amount of fat in the form of solidified globules. 

Homogenization acts similarly to increasing the fat content in restricting 
the concentration of ingredients in the unfrozen portions of freezing cream 
provided there is sufficient fat present to give an increase in viscosity. 
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VITAMIN A CONTENT OF PASTURE PLANTS 


IV. WHITE BLOSSOM SWEET CLOVER ( MELILOTUS ALBA 
DESVX.), ORCHARD GRASS ( DACTYL18 GLOME BAT A L.) 
AND MEADOW FESCUE (. FESTUCA ELATOIR L.) 

UNDER PASTURAGE CONDITIONS AND 
FED GREEN* 

ELLA WOODS, F. W. ATKESON, I. W. SLATER, C. D. ARNDT 
ani» It. F. JOHNSON 
Idaho Agricultural Experiment Station 

In the three previous papers from this station the vitamin A activity 
of the following six pasture plants were reported: white clover, Kentucky 
bluograss, timothy, red top, alfalfa, and smooth bromc. The plants reported 
herein are sweet clover, orchard grass, and meadow fescue. These nine pas- 
ture plants are probably more universally used in pasture mixtures than any 
other plants. Although alfalfa is included in the list it is not used exten- 
sively as a pasture crop. Its vitamin A activity in the fresh green state is 
of interest, however, for comparison with reports on the vitamin, A activity 
of alfalfa hay. 

Because of previous literature reviews, citations will be limited to those 
pertinent to tlds report. The orchard grass and meadow fescue studied 
were grown under irrigation at the Caldwell Substation of the Idaho Agri- 
cultural Experiment Stal ion. Tn addition to second-year sweet clover under 
the same conditions, both first -year and second-year non-irrigated sweet 
clover grown at Moscow were studied. The same experimental procedure 
was used as in the second report (0). Fresh green samples of the plants 
were received at the laboratory twice a week. The samples were obtained 
under typical pasturage conditions. The period covered by the experi- 
mental feeding was later in the summer than the period represented in 
previous reports on other plants. 


► RESULTS 

The average weight of the rats in all groups was 39 grams at the begin- 
ning of the depletion period and 96 grams at the end. The depletion period 
for all the rats averaged 29 days. 

The average growth response of the rats when fed each of the plants as 
a vitamin A supplement is shown in Table I and Figure 3. Results are 
presented for periods of four weeks (28 days) and the vitamin A values are 
expressed in rat units calculated from the dose in milligrams which caused 
a gain of 12 grams in four weeks, 

* Published with the approval of the Director as Research Paper No. 138 of the 
Idaho Agricultural Experiment Station. 
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Fig. 3. Average weekly weight increases of rats, previously depleted of vitamin A, 
when fed either white blossom sweet clover, orchard grass, or meadow fescue as a supple- 
ment to a vitamin A free diet. 

Average weekly losses in weight of negative control rats were computed each week by 
averaging the weight of all living rats as long as 50 per cent of the original group survived. 
The line was terminated by extending it directly from the last week showing 50 per cent 
survival to a point indicating the average survival days and average weight at death for 
the entire group. The broken line indicates that one or more deaths occurred during the 
week. 
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Based on the growth response obtained with other plants at various levels, 
each pasture plant in this report was fed at a level of 60 milligrams per week. 
The animals (10 rats) receiving second-year sweet clover made an average 
total gain in four weeks of 29 ± 2 grams, which would indicate that this 
plant contained 242 d= 19 rats units of vitamin A activity per gram. Eleven 
rats fed first-year sweet clover made an average gain of 60 ± 4 grams, indi- 
cating at least 500 ± 30 rat units of vitamin A activity. The Pharmacopoeia 
of the United States (3), however, prescribes that, in establishing the vita- 
min A potency of cod liver oil, data shall be considered valid when two- 
thirds of the animals in a group have made individual gains in four w T eeks 
of 12 grams or more and not in excess of 60 grams. Since 5 of the 11 rats 
fed first-year sweet clover gained more than 60 grams and none less than 37 
grams, it would seem that definite evaluation of the vitamin A activity of 
this plant can not be made without additional feeding tests at lower levels. 
Comparison of pasture plants on the same feeding level has some advantage 
in attempting to establish their relative rank in vitamin A activity, and the 
results are presented for the first-year sweet clover group with due regard 
for their limitations. 

Seven rats that received orchard grass as a vitamin A supplement in 
1932 made an average total gain of 33 grams, while seven rats receiving the 
same grass in 1934 averaged 32 grams gain. The weighted average of the 
14 rats in these two groups showed an average total gain of 32 =b 2 grains, 
indicating that orchard grass contained 275 ±: 13 rat units of vitamin A 
activity per gram. 

Meadow fescue was also bio-assayed for vitamin A activity during two 
different years, 1932 and 1934. In 1932 eight rats averaged 34 grams in 
total gain and in 1934 four rats averaged 26 grams. The weighted average 
of the 12 rats was 30 ±: 2 grains of total gain in four weeks. This would 
indicate that the meadow fescue contained 250 ± 13 rat units of vitamin A 
activity. 

The coefficient of variation in the group fed second-year sweet clover was 
36 per cent, for the group fed firsl-year sweet clover 28 per cent, for the 
orchard grass group 25 per cent, and for the meadow fescue group 27 per 
cent. The variation in each group compares favorably with what may be 
expected as reported by Sherman and Burtis (4). Statistical analysis of 
the results showed that a true difference existed between first-year sweet 
clover and the other three pastures, the difference being from 11 to 15 times 
the probable error of the difference. The differences among the vitamin A 
values of orchard grass (275 rat units), meadow fescue (258), and second- 
year sweet clover (242), however, were not statistically significant. 

In order to be able to compare the results with data reported on the basis 
of 24 grams gain in 8 weeks as a standard unit of growth, the average total 
gains for each group of rats for 8 weeks are given. Since rats which die 
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during the feeding period are often included in the average for a group, 
such rats were also included in summarizing the data, herein reported, on an 
8 weeks’ basis. 

When the rats were fed 60 milligrams of second-year sweet clover, the 
total gain in 8 weeks averaged 33 db 3 grams per rat, indicating the content 
of vitamin A activity to be 138 dr 14 rat units per gram. Rats fed the same 
amount of first-year sweet clover averaged 99 ± 6 grams in total gain, indi- 
cating that this pasture plant contained 41 3 dr 27 rat units of vitamin A 
activity per gram. 

Orchard grass fed on the same level resulted in an average total gain of 
29 dr 3 grams per rat. This would indicate that the orchard grass contained 
121 dr 13 rat units of vitamin A activity per gram. Meadow fescue fed in 
like quantities caused an average gain of 23 zh 5 grams per rat, or 96 dr 21 
rat units of vitamin A activity per gram for this grass. 

The rats used as negative controls all showed typical symptoms of vitamin 
A deficiency at death. Of the 14 rats, 10 had infected sinuses, 10 had in- 
fected inner ears, 9 had infection at the base of the tongue, 5 had hemor- 
rhagic intestines, and 5 had infected lymph glands. The negative controls 
survived an average of 19 days and lost an average of 19 grams in weight. 

discussion 

It is interesting to note that first-year sweet clover contained at least 
twice as much vitamin A activity as second-year sweet clover. This may be 
accounted for by the fact that first-year sweet clover is much finer stemmed 
and usually has a larger percentage of leaves than second-year sweet clover. 
Hauge (1) has reported that in alfalfa hay the vitamin A activity is pri- 
marily in the leaves. 

In comparison with other pasture plants previously studied (5, 6, 7) the 
plants herein reported would have the following rank in rat units of vitamin 
A activity per gram : 


First-year sweet clover 

500 dr 30 

Smooth brome grass 

396 dr 27 

Red top 

308 dr 10 

Orchard grass 

275 dr 13 

Alfalfa 

269 dr 17 

Meadow fescue 

250 dr 13 

Second-year sweet clover 

242 dr 19 

White clover 

242 dr 19 

Timothy 

. 220 dr 13 

Kentucky bluegrass 

175 dfc 11 


In each of the four papers of the series statistically significant differences 
were found among the grasses studied. For example, red top was statis- 
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tically superior to timothy in paper TI and smooth brome was superior to 
alfalfa in paper III. By chance, rather widely varying plants were paired 
for study in the different feeding tests. When the results from all the 
pasture plants were analyzed statistically, however, different deductions 
were made. 

Considering the pasture plants in the order listed above the difference 
between any one plant and the one ranking next above or below it was of 
little, if any, statistical significance. In fact, orchard grass, alfalfa, meadow 
fescue, second-year sweet clover, and white clover had no significant dif- 
ferences from each other. Selected plants, however, do have significant dif- 
ferences. For example, the difference between red top and timothy is eight 
times the probable error of the difference. 

These facts would indicate that the relative ranking of the plants is justi- 
fied but that the difference between any adjoining plants as ranked in the list 
is not particularly significant. 

Since the plants studied are amoug the most universally used pasture 
plants it would appear that pasture is an extremely potent source of vitamin 
A activity. 

A cow can easily consume 100 pounds of pasture grass daily. If the 
pasture had a vitamin A value of 200 rat units per gram the total intake of 
vitamin A activity would be more than nine million rat units. 

Moore (2) has shown that the cow’s daily output of carotene and vitamin 
A in the milk fat is very small compared with the carotene intake, never 
exceeding that of normal summer butter regardless of the amount in the 
feeds consumed. Considering the large quantity of pasture consumed daily 
by the dairy cow, and the fact that all the pasture plants have high vitamin 
A values, it would seem that dairymen might use mixtures of any of the 
pasture plants adaptable to their particular climatic and soil conditions 
without the vitamin A activity of the pasture being a limiting factor. 

CONCLUSIONS 

Biological assay of second-year white blossom sweet clover ( Melilotus 
alba Desvx.) indicated that it contained 242 ± If) rat units of vitamin A 
activity per gram when sampled under pasturage conditions and fed in the 
fresh green state. First-year white blossom sweet clover contained 500 ± 30 
units per gram. Under similar conditions orchard grass ( Dactylis glomerata 
L.) contained 275 ±13 units, and meadow fescue ( Fcstuca elatior L.) 
250 ± 13. 

The relative rank of these pasture plants compared with others previously 
reported is as follows : First-year sweet clover, 500 ± 30 rat units per gram ; 
smooth brome, 396 ±27; red top, 308 ±10; orchard grass, 275 ±13; 
alfalfa, 269 ± 17 ; meadow fescue, 250 ± 13 ; second-year sweet clover and 
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white clover, 242 ± 19 ; timothy, 220 it 13 ; and Kentucky bluegrass, 
175 it 11. 

Although the differences among the higher ranking plants and the lower 
ranking ones were statistically significant, little, if any, significant difference 
existed between any one plant and the plant listed next above or below it. 

The pasture plants studied are among the most common plants used in 
pasture mixtures. The fact that they were all found to have high vitamin A 
values would seem to justify the conclusion that pasture is a potent source of 
vitamin A activity. 

Considering the large quantity of past ure consumed daily by the dairy 
cow, and the fact that all the pasture plants have high vitamin A values, it 
would seem that dairymen might use mixtures of any of the pasture plants 
adaptable to their particular climatic and soil conditions without the vitamin 
A activity of the pasture being a limiting factor. 
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Committee on Bacteriological Methods for the Analysis of Milk and Dairy Products 

FOREWORD 

“Tn 1927, the Committee on Bacteriological Methods of the American 
Dairy Science Association began a series of reports dealing with the various 
laboratory procedures suitable for the bacteriological analysis of dairy 
products. This committee has functioned through the agency of subcom- 
mittees, composed of those who are especially interested in certain phases of 
the dairy industry.” 

“The objective of these committees has been to make available in con- 
densed form various methods for the analysis of dairy products. The views 
expressed in these reports are those of Committees appointed by the Amer- 
ican Dairy Science Association. As such they are printed for the criticism 
of other members of the Association and other interested persons.”* 

THE BACTERIOLOGICAL EXAMINATION OF EVAPORATED MILK 

( Sterilized ) 

Evaporated milk, as found upon the market, is primarily confined to cans 
in which the product has been subjected to sterilization by heat. The usual 
bacterial content of such milk is relatively low and for that reason the bac- 
teriological study is somewhat different than the study of some of the related 
products. 

METHODS OF SAMPLING 

It is extremely important in the sampling of this product, especially if it 
is taken from the original can, that no contamination occur during handling 
and that the sample container be Kicrile. All the utensils that are used or 
in any way come in contact with the product must be sterile, and the room 
in which the work is carried out should be as free as possible from atmos- 
pheric contamination. This is necessary because of the almost sterile con- 
dition of the normal product when in the container. 

A very suitable method of handling canned milk previous to sampling is 
to shake the can and its contents thoroughly, clean the outside of the can, 
wipe dry with a clean towel and flame the surface to be punctured. In cases 
where it is desirable to seal the can after removing the sample, the surface 

Received for publication May 14, 1935. 

* See Journal of Dairy Science 16: 277. 1933. 
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can be tinned with soldering iron before being punctured. This procedure 
will materially aid in the sealing process. The can-opening appliance should 
be sterilized in the flame before using. The opening should be only large 
enough to permit the insertion of a pipette (usually 1 ml.) for the removal 
of a suitable quantity of the contents, and this should be done as rapidly as 
possible to eliminate possible contamination from the air. The opening may 
be protected by covering the entire can with a sterile petri plate half. 

If further work is to be carried out with the sample, the contents of the 
container may be transferred to a glass-stoppered sterile bottle and stored 
at refrigeration temperatures. The glassware, sampling tubes, etc., should 
be sterilized in accordance with “Standard Methods of Milk Analysis.' ’ If 
samples are collected in the plant, great care should be taken to see that the 
product is not in any way contaminated by the movement of the valves on 
the receptacle from which the sample is drawn. A slight movement of such 
a valve will often dislodge large numbers of organisms "which will be washed 
out by the product, giving erroneous results. This can be overcome by 
sampling directly from the large container with some suitable sampling 
device or if it is absolutely necessary to obtain the sampling through the out- 
let, it should only be taken after the product has flowed continuously for 
some few minutes. Either of these methods will help to eliminate inaccurate 
samples. 

If it is necessary to prepare a composite sample it may be secured by com- 
bining the various batches, collecting samples as outlined in a container of 
such a size that it will permit thorough mixing of the product at the time 
of the analysis. 

If the sample of evaporated milk completely fills the container in which 
it is received, the entire contents should be transferred to another clean, dry, 
sterile container of ample size to permit proper mixing by shaking. The 
necessity of uniformity in the sample should be understood by all persons 
interested in bacteriological work, but the detailed manipulations may be 
left to the discretion of the individual. It is important during the handling 
of the products that all possible contamination from a dusty atmosphere or 
unsterile utensils be prevented. The same general precautions as are ap- 
plied to the preparation of any sample for bacteriological analysis apply to 
to the product. 


SUGGESTED METHODS OF EXAMINATIONS 
(a) Standard Agar Plate Method 

The standard agar plate method (1) of the American Public Health Asso- 
ciation, as used for fluid milk, may be used for the examination of evaporated 
milk. 
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Media: 

Standard nutrient agar prepared according to “Standard Methods of 
Milk Analysis” (1) may be used. 

For special research and investigational work and also routine work in- 
volving a study of the possible sterility of the product, it is suggested that 
beef infusion agar be used. For directions for preparation see Methods 
for the Microbiological Analysis of Butter (2). 

Prepa ri n g Dilu tions : 

It is believed desirable to follow as closely as practical, methods already 
recognized as standard procedures. For that reason the method of bringing 
the volume or weight up to 100, as used in the Standard Methods of Milk 
Analysis of the American Public Health Association (1), is preferred to the 
method of adding the material to be tested to 10 ml. or grams as the case 
may be. Tt is recommended that for normal evaporated milk the volumetric 
method be used, transferring 1 ml. or 10 ml. of the product to the 99 ml. or 
90 ml. water blanks, respectively. Samples that are abnormal physically, 
such as “curdled” or “lumpy,” are best brought to dilution by the gravi- 
metric method. 

For direct plating of a low-count milk, one ml. or gram of the sample is 
placed directly in the petri plate. For a one to ten dilution, it is preferred 
to measure 10 ml. or weigh 10 grams of the evaporated milk directly into the 
dilution bottle containing 90 ml. of sterile distilled water. If higher dilu- 
tions are desired, they may be prepared from the one to ten dilution or one 
ml. or gram of the product may be used in 99 ml. of water to obtain a 1 : 100 
dilution. The practice of adding the product to water blanks instead of the 
reverse is suggested because of danger of contamination in transferring a 
large volume of water; this is important with a low-count or sterile product. 
Plating should be completed within 15 or 20 minutes after the first dilution 
in order to prevent growth or death in the dilution bottle which would affect 
the final results. 

In the case of coagulated samples, the use of N/10 LiOII (4) as the 
diluent in order to aid in getting the product into better solution is advised. 
In the case of such samples, the diluted product should be kept thoroughly 
agitated just prior to withdrawal of the sample with the pipette in order that 
a uniform sample of the solution may be transferred to the petri plate. This 
condition is most likely to occur in the study of abnormal samples of evapo- 
rated milk. 

Preparing Plates: 

The pouring of the plates should follow the suggestions outlined in the 
latest edition of the Standard Methods of Milk Analysis (1). With normal 
evaporated milk, direct plating of the product (1 ml. per plate) will yield 
either no colonies, or at best, very few. Hence the usual selection of dilu- 
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tions to yield from 30 to 300 colonies is not possible. However, at least two 
dilutions should be plated in every ease, with duplicate plates for each 
dilution. 

Incubation: 

For standard results with standard nutrient agar, use an incubation 
period of 2 days at 37° C. as recommended in Standard Methods of Milk 
Analysis (1). Other incubation periods and temperatures may be used for 
special purposes, such as 5 days at 25° C., 3 days at 30° C., or 2 days at 55° C. 
The latter temperature is recommended for estimating the number of ther- 
mophilic bacteria which may be present. 

Counting of Plates: 

Tn the case of those samples which are abnormal and contain material 
which fails to go into suspension readily, extreme caution should be exer- 
cised in counting the incubated plates in order to differentiate between bac- 
terial colonies and masses of the constituents of the samples. Devices for 
counting the plates with the aid of artificial illumination and low magnifica- 
tion are strongly recommended. Doubtful objects should be examined with 
higher magnification to determine whether or not they are colonies. 

(b) Test for Sterility 

For the purpose of determining whether or not the product in the cans 
is sterile, it is recommended that sample cans be held at 37° C. for one week. 
At the expiration of the period the cans' should be plated as described above. 
Cans in which an abnormal physical condition of the milk has developed may 
have large numbers of organisms present and should be plated in high dilu- 
tions. Cans which show the milk in normal condition and which yield no 
colonies on any of the plates, including 1 ml. direct, may be assumed to be, 
for all practical purposes, sterile. 

(c) Direct Microscopic Count ( Breed Method ) 

The direct microscopic count (1), as applied to milk, would normally be 
of little value for evaporated milk because of the low bacterial content of 
the product, however, in the study of cases of spoilage the method is of value. 
If it is used for this purpose, it should be carried out according to directions 
given by Fay (3) for ice cream. 

( d ) Anaerobic Agar Plate Method 

In the bacteriological study of evaporated milk it is often desirable to 
obtain information regarding the numbers of anaerobic organisms present 
in the sample. If this is desired, the same procedure as outlined under 
14 Standard Agar Plate Method”' may be carried out, except for the addition 
of 1 per cent of dextrose to the standard nutrient agar. The methods of 
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incubation must necessarily be carried out as described in text books dealing 
with the study of anaerobic bacteria. This method will be of special value 
in the study of abnormal products and may find a place in certain routine 
work. 

( e ) Examination for Thermophilic Bacteria 

For the determination of the presence of thermophilic organisms plates 
may be prepared from standard nutrient agar. For investigation or re- 
search purposes, it is recommended that the following materials be added to 
each 1,000 ml. of standard agar. 

Bacto Tryptophane Broth 2.5 grams 

Bacto Yeast Extract 1.0 gram 

Dextrose 1.0 gram 

Reaction pH 7.0 ±: 0.2 

The plates should be incubated for 48 hours at 55° C\ At least 15 ml. 
of medium should be used in each plate to prevent excessive drying during 
the incubation. Water should be placed in the incubator in order to reduce 
the drying of the plates to a minimum. 


(/) Examination for Spore-Forming Bacteria 

The sample of the product should be placed in a sterile container, heated 
in a water bath to 80° C. and held for 10 minutes; after cooling, the product 
should be plated by the standard plate method direct from the sample. Such 
plates should be incubated 3 days at 37° C. to allow development of such 
types as B. coagulans. 


(g) Medium for Special Purposes 

The medium outlined in the standard procedure of the American Public 
Health Association (3 ) may not be conducive to the growth of all organisms 
in average milk. If a special medium is desired, the following is suggested : 


Bacto Tryptophane Broth 

Bacto Peptone 

Bacto Yeast Extract 

Dextrose 

Agar 

Water 

Reaction 


2.5 grams 

2.0 grams 

1.0 gram 

5.0 grams 
15.0 grams 
1000 ml. 
pH 6.8 


Incubation with this medium may be 3 days at 30° C. or any other time 
or temperature in accordance with the results desired. 


METHOD OF REPORTING COUNTS 

Results on normal evaporated milk should be reported per milliliter of 
the product. When the condition of the milk necessitates weighing, results 
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should be reported per gram. In order to have uniformity in reporting, the 
medium used and the time and temperature of incubation should always be 
given in direct conjunction with the numerical results obtained. It is de- 
sirable that this procedure be followed when the standard medium and incu- 
bation are used as well as in those cases wherein special media and variable 
incubation conditions are employed. 

THE BACTERIOLOGICAL EXAMINATION OF CONDENSED MILK 

( Incompl ctely Sterilized ) 

Under this heading will be included those products that may or may not 
contain added sugar but which have not been sterilized in the container. 
The most common of these products is the sweetened condensed milk in 
hermetically sealed cans. However, much routine bacteriological work is 
carried out in the examination of sweetened or unsweetened products in bulk 
containers, such as ten-gallon cans and barrels. 

METHOD OF SAMPLING 

The same procedure as outlined for evaporated milk may be carried out 
in sampling products enclosed in hermetically sealed cans. A difference 
will be found, however, in the type of product. The sweetened condensed 
milk may be found to be extremely thick and viscous. In such cases it may 
be advisable to place the can of product in a warm water bath at a tem- 
perature not over 37.5° C. for a short time so that the product will become 
less viscous. In some cases where the separation of sugar has been unusually 
heavy, it may be necessary to transfer the entire contents of the container to 
another sterile receptacle to insure a proper mixing. When samples are to 
be taken from barrels the same precautions should be exercised as outlined 
above except that it will be impossible to mix the contents. The danger of 
contaminating the sample when being drawn from the storage tanks should 
not be overlooked as the movement of valves or pipe joints may dislodge 
large numbers of organisms which will contaminate the sample and give 
inaccurate results. If samples must be taken from large masses of the 
product, they may be obtained by the use of sterile tubes, dippers, or other 
suitable equipment. Care should be taken that the sample is obtained below 
the surface which has been exposed to the atmosphere. 

If samples are to be taken from barrels they may be obtained either by 
drawing the sample from the bottom of the barrel or, when taken after the 
head of the barrel is completely removed, they should be obtained below the 
surface by some suitable sampling apparatus. 

Where it is necessary that composite samples be taken, the final sample 
should be in a container sufficiently large to allow mixing. Very satisfac- 
tory containers for this purpose are glass-stoppered bottles of suitable size. 
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PREPARING THE SAMPLE FOR EXAMINATION 

If the sample of condensed milk completely fills the container in which 
it is collected or received, the entire contents should be transferred to another 
clean, dry, sterile container. The detailed manipulations of the process are 
left to the discretion of the individual. The same general precautions that 
are applied to any sample for bacteriological analysis should be applied to 
this product. 

SUGGESTED METHODS OP EXAMINATION 
(a) Standard Agar Plate Method 

The standard agar plate method (1) as used for fluid milk may be used 
for determining the numbers of organisms in condensed milk. 

Media: 

Standard nutrient agar prepared according to “Standard Methods of 
Milk Analysis” (1) may be used. 

For special research and investigational work and also routine work in 
which maximum counts are desired, it is suggested that beef infusion agar 
be used. For directions for preparation see Methods f or the Microbiological 
Analysis of Butter (2). The addition of one per cent of sucrose may be 
desirable in some types of work. 

Preparing Dilutions : 

For plain condensed (unsweetened) milks it is recommended that the 
volumetric method be used for the preparation of dilutions. The thicker, 
sweetened products must be weighed. For the 1:10 dilution, measure 10 
ml. or weigh 10 grams of the condensed milk into a dilution bottle. In some 
instances it may be more convenient to prepare the 1:10 dilution by using 
45 ml. of water and 5 ml. or 5 grams of condensed milk. If a 1 : 100 dilution 
is desired, this may be prepared from the 1:10 dilution, or one ml. or one 
gram of condensed milk may be diluted with 09 ml. of distilled water. The 
dilutions may be conveniently prepared by weighing the condensed milk 
directly into a bottle before adding the dilution water, or if desired, the milk 
may be weighed into the bottle containing the dilution water. The plating 
should be completed within 15 to 20 minutes after the addition of water in 
order to prevent growth or death in the dilution bottle which would affect 
the final results. 

In the case of abnormally thickened milk, it is often desirable to use ster- 
ile pieces of broken glass or glass beads in the dilution bottle to assist in the 
mixing of the sample in the dilution water. In such products the use of 
N/10 LiOH (4) as the diluent may aid in dissolving the coagulated material. 

Preparing Plates: (see page 649) 

Incubation: (see page 650) 

Counting of Plates: (see page 650) 
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(b) Microscopic Colony Count ( Frost Method) 

In laboratories already equipped and experienced in counting bacteria 
in milk by this method, it would seem that this method could be readily used 
in the routine control of condensed milk. Directions as outlined in the 
Standard Methods of Milk Analysis (1) may be followed. 

The original sample should be diluted as suggested in the methods for the 
agar plate count. Incubation should be for 12 to 16 hours at 37° C. 

(r) Direct Microscopic Count ( Breed Method) 

The direct microscopic count (1), as applied to milk, may be of value in 
the study of condensed milks, especially in unsweetened condensed milks. 
Where this method is used it should be kept in mind that it cannot be relied 
upon as an adequate procedure for the determination of bacterial count, but 
it may be used to give valuable information regarding the product. Where 
this method is used it should be carried out according to the directions given 
in the Standard Methods of Milk Analysis (1 ) or as outlined by Fay (3) for 
ice cream. It may be of supplementary value in conjunction with certain 
procedures listed herein. 

(d) Examination for Hemolytic Streptococci 
The examination of certain types of condensed milk for hemolytic strep- 
tococci may be of value, especially for milk made without the usual hot-well 
treatment. For this examination, standard nutrient agar to which has been 
added 0.5 per cent sodium chloride and 2 to 5 per cent defibrinated blood is 
suggested for plating. The blood should be added aseptically after the agar 
is melted and cooled prior to pouring the plates. The plates should be incu- 
bated for 2 days at 37° C. Examination should be made at the end of 24 
and 48 hours. 

Suspicious hemolytic colonies should be examined by Gram staining to 
determine the presence of streptococci. Before definite conclusions can be 
drawn, reference should be made to standard text-books on bacteriology deal- 
ing with the recognition and differentiation of hemolytic streptococci. 

If conditions permit its use, veal infusion medium will give somewhat bet- 
ter results than the standard nutrient agar for the growth of the hemolytic 
streptococci. This medium is prepared as follows : 

Ground lean veal 500 grams. 

Distilled water 1000 ml. 

Infuse overnight in a cold room. Strain through cheese cloth by pressing. 
Make up to the original volume. Bring to boiling with frequent stirring 
and boil until the infusion is clear and the eoagulum brown. Strain through 
cheese cloth and filter through paper. Adjust reaction to pH 6.8 to 7.0. 
Add 0.5 per cent Difco peptone and 0.5 per cent sodium chloride. The broth 
should then be heated in the autoclave for 15 minutes at 20 pounds pressure. 
This is a higher pressure than that used for the final sterilization and is 
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employed to avoid precipitates in the finished product. Egg may he added 
previous to autoclaving if a glass-clear medium is desired. Before the final 
sterilization, 1.5 per cent agar is added and the medium distributed in flasks. 
Filter and sterilize at 15 pounds pressure for 15 minutes. Defibrinated 
blood (rabbit, horse, sheep, etc.) may be added aseptically just prior to plat- 
ing and after the agar has been melted and cooled to 50° C. 

(e) Examination for Thermophilic Bacteria, (see page 651) 

(/) Examination for Bacteria Causing Thickening 
For the determination of the presence of bacteria capable of causing 
thickening in sweetened condensed milk, the following procedure may be fol- 
lowed : The sample of sweetened condensed milk in question should be diluted 
with sterile water in a glass-stoppered bottle so that the concentration of 
sucrose in water in the sample will be approximately 40 per cent. For ordi- 
nary purposes approximately 90 grams of milk and 10 grams of water will 
be sufficient. After the sample has been thoroughly mixed by shaking it 
should be incubated at 30° 0. for a period of one month. If organisms capa- 
ble of causing bacterial thickening are present the diluted milk will become 
thick and the titratable acidity materially increased. Cultures of the thick- 
ening organisms can readily be obtained by plating on nutrient agar and 
incubating for 2 days at 37° C. 

( g ) Exa m i n a t ion f o r Gas-Fonnin g O rganisms 
For the determination of gas-forming organisms the inoculation of one 
ml. of the milk into deep agar of the composition indicated on page 651. A 
layer of sterile agar may also be placed on top of the hardened inoculated 
agar and the tube incubated at 37° O. for 48 hours. 

Tests for Yeasts Capable of Causing “Swells” 
Sucrose-fermenting yeasts capable of growth and gas production in high 
concentrations of sucrose are always a potential source of trouble in the 
manufacture of sweetened condensed milk. As a routine check for the detec- 
tion of possible contamination with these types, it is recommended that sam- 
ple cans be incubated at 37° C. for extended periods. If “swells” develop 
the milk should be plated on standard nutrient agar (1) (or beef infusion 
agar) to which 30 per cent sucrose has been added before sterilization. 

As a further check on the condition of sweetened condensed milk imme- 
diately after manufacture, it is suggested that enrichment in 30 per cent 
sucrose bouillon can be used, noting the presence or absence of gas produc- 
tion after incubation for 2 days at 37° C., followed by plating on the sucrose 
agar. The presence of yeasts capable of fermenting this concentration of 
sucrose with gas production is the signal for a careful study of sources of 
contamination in the plant, which must include taking samples at various 
stages in the manufacture and their subjection to the same test. Whether 
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or not the types isolated are capable of causing “ swells’ ’ must be determined 
by direct inoculation into cans of fresh product. 

The direct microscopic count on both the fresh product and that which 
has been incubated for enrichment purposes may be useful in the examina- 
tion for yeasts. This would of necessity be supplemented by cultural meth- 
ods to determine the types of yeasts present. 

(h) Examination for Yeasts and Molds 

The determination of yeast and mold counts in condensed milk, while not 
a common practice, can be used quite satisfactorily and should give valuable 
information. No doubt a more complete study of yeasts and mold content 
of condensed milk would give much information regarding the sanitary con- 
ditions under which the product was produced. For details of the determi- 
nation see Methods for the Microbiological Analysis of Butter (2). 

(i) Medium for Special Purposes (see page 651) 

METHOD OF REPORTING COUNTS 

The results should normally be reported per milliliter or gram of prod- 
uct. One variation from standard methods will no doubt have to be included 
in the study of condensed milk inasmuch as many of the plates will show less 
than 30 colonies. In this case it is recommended that the actual number of 
colonies be used as an indication of the count. 

In the interests of uniformity of practice and interpretation of data from 
various sources, the medium used and the time and temperature of incuba- 
tion should always be reported in direct conjunction with the numerical 
results obtained. It is desirable that this procedure be followed when the 
standard medium and incubation are used as well as in those cases wherein 
special media and variable incubation conditions are used. 

CONCLUSION 

The views expressed in this report are those of a committee appointed by 
the American Dairy Science Association. As such they are submitted for 
the genera] criticism of members of the American Dairy Science Association 
and other interested parties. 
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AN UNNOTED HEMOLYTIC STREPTOCOCCUS ASSOCIATED 
WITH MILK PRODUCTS 

JAMES M. SHERMAN and HELEN UPTON WING 
Cornell University , Ithaca, New Yoik 

Dick and Dick (5) have reported the presence in small numbers of beta 
hemolytic streptococci in some of the samples of commercial infant food 
preparations, made from milk, which they have examined. While these 
workers made no such statement, it was at first inferred by some that these 
streptococci might have been the cause of an outbreak of gastro-intestinal 
trouble in a home for children, but this view was not supported by later work 
(Dick, Dick and Williams, 6). That hemolytic streptococci are not gen- 
erally present in significant numbers in dried milks and infant foods con- 
taining milk powder is indicated by the surveys of Ilueker and Hucker (7) 
and Supplee and Bixby (12), in which a variety of such products was 
examined. 

Through the cooperation of a manufacturer we obtained a few samples 
of powdered milk and “protein milk” which contained beta hemolytic strep- 
tococci, one of these samples coming from the same factory batch which was 
examined by the Dicks. The presence of hemolytic streptococci in these 
products is somewhat, surprising, since in their manufacture the milk is first 
pasteurized and then subjected to the drying process at relatively high 
temperatures. 

On detailed study these organisms were found to possess characteristics 
which would appear to justify the conclusion that they represent a type of 
streptococcus not heretofore described. Forty cultures were studied, but 
since they were all isolated from the products of one factory it is likely that 
they represent closely related strains of one type. 

GENERAL CHARACTERISTICS 

The morphological, cultural, and staining properties of this organism are 
those characteristic of the streptococci and need not be detailed here. Oc- 
currence of the cells in pairs and in short and long chains is somewhat vari- 
able on different media and varying conditions of growth, as is true of the 
streptococci in general. 

Action on blood 

Active hemolysis of the beta type is produced on horse, human, and rab- 
bit bloods. After five years ’ culture in laboratory media without blood, it 
was still hemolytic. 

Action on litmus milk 

Milk is acidulated and curdled. Litmus in milk is not reduced prior to 
curdling; slow and incomplete reduction takes place after curdling. 

Beceived for publication May 17, 1935. 
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Action on gelatin and casein 

It does not liquefy gelatin, nor is there any visible digestion of casein in 
milk. 

Temperature limits of growth 

Growth takes place at 10° C. and at 45° C. The maximum temperature 
for growth is about 50° C. These facts are important, since none of the 
pathogenic types of hemolytic streptococci, so far as present information 
goes, is able to grow at 10° C. (Sherman and Albus, 10; Ayers and Mudge, 
2). While the maximum growth temperatures of pathogenic streptococci 
have not been thoroughly studied, none of them has been reported able to 
grow at 45° C. This was shown by Sherman and Albus (10) for the types 
obtained from bovine udders, and by Or! a- Jensen (9) with a number of 
pathogenic streptococci from animal and human sources. 

Studies of the temperature growth limits of pathogenic streptococci have 
been sadly neglected. However, repeated tests in this laboratory with a rela- 
tively few authentic strains of Streptococcus pyogenes , Streptococcus epi- 
demicus , and Streptococcus scarlatinae have shown that they do not grow at 
10° C. nor at 45° C. 

In this connection it should be mentioned that the fecal hemolytic Strep- 
tococcus zymogenes has been rarely found associated with infections, but is 
scarcely to be considered a pathogenic species in the usual sense. It grows 
at 10° C. and at 45° C., and in other characteristics is closely related to the 
fecalis-liquefaciens groups of streptococci. 

Thermal death rates 

All of the cultures survived a temperature of 62.8° C. (145° F.) for 
thirty minutes in skimmed milk, while a majority of them withstood thirty 
minutes at 65.6° C. (150° F.). Since all of the human pathogenic strepto- 
cocci, as well as those from bovine udders, thus far studied, are killed by 
exposure to 60° C. (140° F.) for thirty minutes (Ayers, Johnson and Davis, 
1, and other investigators), the high thermal resistance of the organism here 
described is significant. 

Limiting hydrogen-ion concentration 

In glucose broth pH values of 4.4 to 4.0 are attained. This is in marked 
contrast to the human hemolytic streptococci which are inhibited in a pH 
zone between 6.0 and 5.0 (Ayers, Johnson and Davis, 1, and many subse- 
quent investigators) . 


Fermentation of test substances 

The outstanding feature of this organism as revealed by fermentation 
tests is its failure to ferment sucrose. Only one of the forty cultures was 
able to ferment this sugar, and that culture caused only a feeble fermenta- 
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tion. From the recorded literature it appears that in general the beta hemo- 
lytic streptococci ferment sucrose. 

All of the cultures fermented glucose, maltose, and lactose; none fer- 
mented raffinose, inulin, nor glycerol ; only five of the forty strains fermented 
mannitol, while 37 fermented salicin. 

Hydrolysis of sodium hippurate 

Sodium hippurale is fermented with the production of benzoic acid and 
glycine. This test, which was introduced by Ayers and Rupp (3), has been 
found of especial value in the differentiation of hemolytic streptococci of 
human and bovine origin. While not to be considered infallible, it is per- 
haps the best single test for this purpose (Brown, Frost and Shaw, 4). 
Based upon our present knowledge of the streptococci, the fact that this 
organism ferments sodium hippurate would aj)pear to add strength to our 
belief that it is not of importance from the standpoint of human health. 

Pathogenicity 

The organism is not pathogenic for mice or guinea pigs by intraperito- 
neal injection, nor for rabbits by intravenous injection. Four mice, two 
guinea pigs, and two rabbits were each inoculated with one cc. of a heavy 
24-hour growth of one of the strains. All of the animals remained in perfect 
health, and when killed three weeks later for autopsy, no lesions were ob- 
served and no organisms were recovered in cultures made from the heart, 
liver, kidney, and spleen. Virulence tests were not conducted with ail of 
the forty strains. 


Relation to other species 

This organism, for which the name Streptococcus he mother mophilus is 
suggested, differs markedly from the known pathogenic hemolytic strepto- 
cocci in its minimum and maximum temperatures of growth, thermal death 
point, limiting pH of growth, failure to ferment sucrose, non-virulence for 
laboratory animals, and (from human types) in its action on sodium hip- 
purate. 

While this organism resembles the hemolytic Streptococcus zymogenes in 
its temperature limits of growth, the two species are sharply differentiated 
by their respective actions on gelatin, casein, litmus milk, sucrose, raffinose, 
and glycerol (MacCalltim and Hastings, 8; Sherman and Stark, 11). 

Streptococcus hemothermophilus may be easily differentiated from all of 
the well-described species of non-hemolytic streptococci, in each case (with 
one exception) by four or more characteristics. According to the tests con- 
ventionally used in the study of streptococci, it is most closely related to 
Streptococcus fecalis. These two types are, however, totally different in 
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their actions on blood agar and their reducing abilities in litmus milk, and 
usually differ in their actions on mannitol. 

ADDENDUM 

As this work was done some years ago, some of the newer methods of 
studying streptococci, such as fibrinolytic action and the fermentation of 
trehalose and sorbitol, were not used. However, since these tests are of value 
in differentiating human and animal hemolytic streptococci which fail to 
hydrolyze sodium hippurate and do not reach a low limiting pH in glucose 
broth, they would not appear to have any obvious pertinence in this connec- 
tion at the present time. 

SUMMARY 

A hemolytic streptococcus which is believed to represent a new species is 
described. This organism differs from the pathogenic species of hemolytic 
streptococci in its higher maximum temperature of growth, a lower minimum 
temperature of growth, a higher thermal death point, and a more acid limit- 
ing pH of growth. It also differs from the human types in the hydrolysis 
of sodium hippurate and its failure to ferment sucrose. 

Streptococcus hemothermophilus (n. sp.) is suggested as a name. 
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THE EFFECT OF SOYBEANS IN THE RATIONS OF DAIRY COWS 
UPON THE VITAMIN A VALUE OF BUTTER* 

•T. W. WILBUR, J. H. IIILTON and 8. M. HATTGK 
Department of Dairy Husbandry and Research Chemical Laboratory, 

Purdue University Agricultural Experiment Station, 

Lafayette , Indiana 

It is well known that the vitamin A value of milk and butter is dependent 
upon the feeds fed the cow. In an earlier publication (1 ) , it was shown that 
it is possible to maintain through the winter period, by practical feeding 
methods, the production of butter with the same vitamin A value as that 
produced by the cows when fed on pasture. Although good quality alfalfa 
hay was found to be effective in maintaining the quality of winter produced 
butter equal to that of pasture butter, soybean hay was somewhat less effec- 
tive. No explanation was offered for the slightly lower efficiency of soybean 
hay as compared with pasture and alfalfa. 

Since the soybean hay, which was used in the above experiment was pre- 
pared from soybean plants of excellent quality in the medium bean stage, 
there existed the possibility that the low vitamin A value of the butter pro- 
duced by cows fed soybean hay, might be attributed to the presence of the 
soybeans in the hay. There is evidence that soybeans contain materials 
which may be of toxic nature and whose detrimental effects are eliminated 
or destroyed by heat. Thus, Osborne and Mendel (2) found cooking im- 
proved the feeding value of soybeans for growing rats. Robinson (3) found 
that hogs responded much more satisfactorily to cooked soybeans than to raw 
soybeans as a supplement to corn. Shrewsbury, Vestal and Hauge (4) re- 
ported that roasted soybeans have a definitely superior nutritive value to 
raw soybeans for both hogs and rats. Contrary to the response by hogs and 
rats, Hilton, Wilbur and Hauge (5) found that raw soybeans as a protein 
supplement to corn, oats and alfalfa hay can be utilized by dairy calves for 
satisfactory growth. 

It therefore seemed desirable to determine what effect, if any, the beans 
in soybean hay fed to cows might have on the vitamin A value of butter. In 
order to study this factor, alfalfa hay formed the dry roughage for one 
group of cows and late cut soybean hay for the second group, while raw soy- 
beans and roasted soybeans were substituted for linseed oilmeal in the graiu 
ration of each group during successive feeding periods. Since it had been 
found that roasting the soybeans improved their nutritive value for growing 
rats and hogs, this offered a possibility that roasted soybeans might prove 
superior to raw soybeans in producing a butter of high vitamin A value. 

Becehred for publication May 20, 1935. 

* Published with the approval of the Director of the Purdue University Agricultural 
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EXPERIMENTAL 

Four cows of tlie Jersey and Guernsey breeds were used in this feeding 
experiment. These cows were divided into two groups of two cows each and 
fed according to the schedule shown in Table I. Since it has been previously 


TABLE 1 

Showing the Composition of the Rations Fed the Cows during the Successive Feeding 

Periods 



j LOT 1 | 

j LOT 2 


Roughage 

Grain mixture j 

j Roughage 

Grain mixture 

Period 1 

Alfalfa Hay 

400 lbs. gr. white 

I Soybean Hay 

400 lbs. gr. white 

(6 weeks) 

Corn Silage 

corn 

Corn Silage 

corn 


(Check Ration) 

200 lbs. gr. oats 


200 lbs. gr. oats 



200 lbs. linseed oil 


200 lbs. linseed 



meal 

j 

i 

oil meal 

Period 2 

Alfalfa Hay 

400 lbs. gr. white j 

Soybean Hay 

400 lbs. gr. white 

((i weeks) 

Corn Silage 

corn 

Corn Silage 

corn 



200 lbs. gr. oats 


200 lbs. gr. oats 



200 lbs. roasted 


200 lbs. Toasted 



soybeans 


soybeans 



(ground) 

i 

(ground) 

Period 3 

Alfalfa Hay 

400 lbs. gr. white 

I Soybean Hay 

400 lbs. gr. white 

(0 weeks) 

Corn Silage 

corn ! 

| Corn Silage 

corn 



200 lbs. gr. oats 


200 lbs. gr. oats 



200 lbs. raw soy- ! 


200 lbs. raw 



beans (ground) ■ 


soybeans 



| 


(ground) 


shown (1) that alfalfa hay and a balanced grain ration with linseed oil meal 
as the protein supplement will produce butter of high vitamin value, this 
ration was used as a cheek in these feeding trials. All cows were in their 
third or fourth monlh of lactation. The alfalfa hay fed to Lot 1 was from 
second cutting, of excellent quality and field cured in the absence of rain. 
The soybean hay fed to Lot 2 was of excellent quality. This hay was also 
field cured in the absence of rain. The soybeans fed in the grain rations of 
both groups in Period 2 were roasted in a special machine at a temperature 
of 350° F. for a period of 20 minutes. 

At the end of each feeding period, composite samples of milk (equal 
amounts from each cow) from each lot were collected, the cream separated 
and made into butter. The butter samples were kept in cold storage at 0° 
F. and portions removed as needed for biological assays. 

The vitamin A values of these samples of butter were determined by bio- 
logical assay, using the method as previously described (1), The results of 





these tests are reported in Sherman and Munsell (6) units, a unit being the 
amount of butter necessary to give a growth response of approximately three 
grams per week for eight weeks. The results of these assays are given in 
Chart 1. 



Showing the suppressing effect of soybeans in the rations of cows upon the Vitamin A 
value of the butter. 

In these experiments, alfalfa hay was the chief source of the vitamin A 
potency in the rations fed the cows of Lot 1 while soybean hay furnished the 
vitamin A in Lot 2. The cows of each lot received the same amount of these 
respective hays each day throughout the successive feeding periods, thus 
assuring a fairly constant intake of vitamin A, so that any variation in the 
vitamin A value of the butters produced by these cows during these periods 
could only be attributed to differences produced by the grain rations. In 
comparing the biological assays of the butlers produced by the cows in Lot 
1 which received alfalfa hay as the chief source of roughage, it is to be noted 
that the substitution of raw soybeans for linseed oil meal in the grain ration 
resulted in the production of butter with lower vitamin A value. Since the 
same amount of vitamin A was available to the cows during both periods, the 
raw soybeans apparently interfered in some manner with the transfer of 
vitamin A potency from the ration to the butter which resulted in the sup- 
pression of the vitamin A value of the butter. The attempt to eliminate the 
factor responsible for this suppressing action of raw soybeans by roasting 
the beans, gave such a small increase that it was not considered to be success- 
ful. Similar results were obtained with Lot 2. 

The suppressing effect of feeding soybeans on the vitamin A content of 
butter is further emphasized by the relatively lower vitamin A value of the 
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butters produced by the cows receiving soybean hay (Lot 2) as compared 
to the cows receiving alfalfa hay (Lot 1). This is particularly noticeable 
in the first period of each lot where linseed oil meal was used in the grain 
ration. Apparently the soybeans in the soybean hay were responsible for 
the marked inhibiting action on the formation of vitamin A in the butter 
produced by Lot 2. These results are in accordance with our previous 
work (1). 

From the data presented on the vitamin A value of the butter samples 
produced by the cows fed soybeans, it might appear that the same substance 
which is apparently toxic to the growth of rats may have been transmitted 
from the soybeans to the butter. However, this was not the case, because 
as is shown in Chart 2, the rats gave greater growth response with each cor- 



ferred to the butters produced by cows receiving soybeans in the grain ration. 

responding increase in the amount of butter fed. Had there been anything 
toxic in these samples the higher levels of feeding should have resulted in at 
least a partial growth failure. Furthermore, the fact that roasting the soy- 
beans, a treatment which improves the nutritive value of soybeans for growth 
(4), did not eliminate the factor which suppresses the vitamin A value of 
butter, seems to indicate that the factor responsible for the suppression of 
the vitamin A value in butter is not the same as that responsible for the 
repressed growth response in rats. 

It should be pointed out that although the feeding of soybeans in grain 
rations of dairy cattle does have a suppressing effect on the vitamin A forma- 
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tion in the butterfat, yet butters produced on rations containing soybeans 
are relatively high in vitamin A value as compared with butter produced by 
cows fed timothy hay (1) or other roughages of low vitamin A content. 

SUMMARY 

1. Dairy cows with a constant level of vitamin A intake, produced butter 
of lower vitamin A value when soybeans were fed in the grain ration than 
when linseed oil meal was used. 

2. Soybeans apparently suppress the transference of vitamin A from the 
ration to the butter. 

3. The attempt to correct this suppressing action by roasting the soy- 
beans used in the grain ration was unsuccessful. 

4. Cows fed soybean hay which was harvested after the beans were well 
formed in the pods, produced butters of somewhat lower vitamin A value 
than when alfalfa hay was fed. 

5. Although soybeans have a suppressing action on the formation of vita- 
min A in the butterfat, yet it is possible to produce butters of fairly high 
vitamin A value even when soybeans are used in the rations of the cows pro- 
vided roughage of high vitamin A potency is fed. 
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PREPARING SAMPLES OF BUTTER FOR ANALYSIS 


D. II. NELSON 

University of California, Davis , California 

Preparing samples of butter for analysis is very slow and tedious work 
mainly beeause the butter must be softened and thoroughly mixed. The 
physical and chemical characteristics of butter are such that it is difficult 
to hasten the softening without causing part of the sample to melt. When 
melting occurs there are even greater difficulties of properly mixing the sam- 
ple to a uniform composition. These difficulties are apparent to the care- 
fully trained technician, and usually the proper precautions are taken to 
avoid serious errors in the preparation of the sample. There are, however, 
many buttermakers who analyze each churning and technicians who try to 
speed up their work, that do not avoid melting of the sample around the 
edges. In such cases more time and care in mixing the sample is necessary 
in order to produce a sample of uniform composition. In their haste, these 
analysts may not use the proper precautions to produce a uniformly mixed 
sample. Mechanical mixers have been employed by some technicians to en- 
sure uniform mixing, but the proper softening of the butter still seems to be 
important with at least certain types of mixers. In reviewing the literature, 
the malted milk type of mixer (1 ) appears to be the only one which has re- 
ceived much attention although modifications of the horizontal spiral bit 
type have been used successfully for many years. 

A new design of the horizontal spiral bit type of mixer has been made to 
permit mixing samples of various sizes and is suggested as a possible im- 
provement in the apparatus used for preparing samples of butter for analy- 
sis. It consists of an electric motor having a speed of 1725 r. p. m. and a 
horse-power rating of \ horse power. A chuck similar to that on an electric 
drill is mounted directly on the shaft. A solid center spiral bit which has 
had the tip or worm and the two cutters removed, is placed in the chuck. 
When the motor turns, the bit is turned in the opposite direction from that 
when it is used for boring. This motion throws the butter into the bottom 
of the sample jar which is slipped over the bit. The bit should he preferably 
of $ inch size and have a solid shaft through the ribs in order to facilitate 
cleaning. Finally a piece of tin shaped in a half circle is placed on the bench 
over the bit in order to catch any pieces of butter that may fly off the hit 
when the sample jar is removed. 

Sample jars for use with this type of mixer should be of glass with a tight 
screw cap, straight sides and flat bottom. The capacity of the sample jar 
should be approximately 190 per cent of the volume of the sample of butter. 
The capacity must allow for the volume occupied by the bit. The straight 

Received for publication May 21, 1935. 
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Fig. 1. Horizontal Spiral Bit type of Mixer and Sample Jar. Notice the bit with 
worm and two cutters removed so that the end is flat. 


sides and flat bottom are necessary to permit the bit to reach all corners of 
the sample jar. 

The precautions to observe in using this horizontal spiral bit type of 
mixer have been established by the following experiments. 

SIZE OF MOTOR 

Samples of butter at 12° C. were mixed with motors of various sizes. It 
was found that motors rated below 1/10 horse power did not have sufficient 
power to maintain the speed when the bit was in the butter and the bearings 
of the shaft were not capable of carrying the weight of the bit. 

EFFICIENCY OF MIXING AT VARIOUS TEMPERATURES 

Each sample was held at its respective temperatures 12 to 24 hours to 
insure, a uniform temperature throughout the sample. The sample was 


TABLE 1 

Maximum difference in S tests for per cent total solids of samples *mixed two minutes at 

various temperatures 


TIME MIXED 

IN MINUTES 

| TEMPERATURE UP SAMPLE 

12 p C. 

24° e. 

30° C. 

2 

.22 

.24 

.24 

2 1 

.19 

.20 

.15 

2 . 

.24 

.29 

.22 

2 . 

.81 

.28 

.43 

2 

.29 

.28 

.25 

2 

.25 

.13 

.35 

2 

.19 

.26 

.29 

2 . 

.18 

.23 

.27 

2 

.10 

.24 

.29 

2 

.16 

.22 

.36 

Average 

.21 

.24 

.29 
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TABLE 2 

Maximum difference in 8 tesfs for per cent total solid s of samples mixed three minutes at 

vartous temperatures * 


TIME MIXED 

IN MINUTES 

TEMPERATURE OF SAMPLE 

3 2° C. 

24° C. 

3o° e. 

3 

.08 

.07 

.19 

3 

.09 

.1] 

.23 

3 

.12 

.12 

.21 

3 

.11 

JO 

.18 

3 

.09 

.09 

.20 

3 

.07 

.10 

.20 

3 

.09 

.08 

.19 

3 

.08 

.07 

.21 

3 

.09 

.08 

.18 

Average 

.08 

.08 

.21 


mixed for a definite time as shown in Tables 1 and 2. The prepared sample 
was then analyzed by the Mojonnier Method for total solids, making one 
determination from each of eight different parts of the sample. The dif- 
ference between the highest and the lowest results of these eight determina- 
tions on the same sample is called the “maximum difference” in the follow- 
ing tables. Obviously, a sample which is uniformly mixed will have a small 
1 * maxim um difference. ’ ’ 

When mixing these samples it was observed that the sample appeared to 
be uniformly mixed after from one to one-and-a-half minutes of mixing, 
especially when the temperature was 24° 0. or higher. It was also observed 
that 30° C. usually caused some of the fat to melt around the sides of the 
sample jar. This partially separated sample, when carefully mixed, had the 
same appearance as the samples which were mixed at lower temperatures. 

The results in Tables 1 and 2 indicate that the sample must be mixed for 
some time after it appears to be uniformly mixed. Also when the sample 
has partially separated, mixing for even three minutes will not make it uni- 
form in composition. 

It appears that samples mixed at either 12° 0. or 24° C. are uniformly 
mixed, since the “maximum difference” is within the experimental error of 
the method of analysis. 

Effect of Temperature of Mixing Upon Accuracy 

Duplicate samples were prepared from quarter-pound prints of butler 
by cutting the print into quarters and placing diagonal quarters in a jar for 
a sample. This gave one-eighth of a pound of butter in each of the dupli- 
cate samples. One of the duplicate samples was stored at 12° C. and the 
other at 24° C. for at least 32 hours in order that the temperature of the 
entire sample would be uniform. 

The samples were mixed for exactly three minutes and then analyzed by 



670 


D. II. NELSON 


the Mojonnier Method for total solids, making one determination from each 
of eight different parts of the sample. The average of all eight determina- 
tions was assumed to be the correct percentage of total solids of the sample. 


TABLE 3 

Average ‘per cent total solids of duplicate samples mixed for three minutes at different 

temperatures 


12° C. 

ORIGINAL SAMPLE 

24* C. 

DUPLICATE SAMPLE 

DIFFERENCE ORIGINAL 
MINUS DUPLICATE 

84.66 

84.61 

+ .05 

84.63 

84.59 

+ .04 

83.94 

84.00 

-.06 

84.27 

84.22 

+ .05 

84.65 

84.71 

-.06 

84.81 

84.78 

+ .03 

84.69 

84.75 

-.06 

84.83 

84.77 

+ .06 

Ave. 84.56 

84.55 

4 .01 


None of these samples showed any tendency to melt or separate. The 
“ maximum difference” in the results for any one sample did not exceed 0.11. 


CONCLUSIONS 

The following precautions must be observed in using the horizontal spiral 
bit type of mixer : 

1. Use glass sample jar with screw cap, straight sides, flat bottom, and 
a capacity equal to approximately 190 per cent of the volume of the butter 
sample. 

2. Use a motor of not less than 1/10 horse power and 1725 r. p. m., which 
can be anchored. 

3. Do not permit the sample to partially separate as a result of melting 
around the edges of the sample jar. 

4. Mix the sample for at least three full minutes. 

5. Stop the motor after mixing each sample and wipe off the one or two 
grams of butter which adhere to the bit. 

This type of mixer has the following advantages : 

1. The sample need not be softened or warmed before mixing provided 
its temperature is between 12° 0. and 25° C. This reduces the opportunity 
to change the composition of the sample. Samples direct from the churn 
may be mixed. 

2. Less time is required for preparing the sample for analysis. 

3. It is simple to assemble, operate, and clean. 

4. The butter is thrown toward the bottom of the sample jar thus reduc- 
ing loss and spattering. 
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THE THIRTIETH ANNUAL MEETING OF THE AMERICAN 
DAIRY SCIENCE ASSOCIATION 


B. E. GBAVES 

Secretary-Treasurer 

The thirtieth annual meeting of the American Dairy Science Association 
was held at the University Farm, St. Paul, Minnesota, on June 24, 25, 26 
and 27, 1935. The program committee, Dr. L. S. Palmer, University of 
Minnesota, Chairman, arranged programs for the four sections of the associ- 
tion, namely the Manufacturing Section, in which the chief interest is in the 
dairy products and their manufacture; the Production Section, which is in- 
terested in the health, nutrition, breeding and management of dairy cattle ; 
the Extension Section, which is interested in ways and means of presenting 
educational projects to farmers and the industry; and the Section on Prob- 
lems and Methods of Instruction, in which the interest is confined to the 
subject-matter and methods of teaching dairy subjects. The June issue of 
the Journal of Dairy Science gave the program and in the July issue 
abstracts of the various papers are given. 

The meeting was well attended, as is shown by the following registration 
by States, prepared by Dr. W. S. Petersen, of the University of Minnesota: 


N'J ATE 

MEN 

WOMEN 

CHILDREN 

TOTAL 

California, 

3 

3 

2 

8 

Colorado 

1 

— 

— - 

1 

Florida 

o 

2 

3 

7 

Georgia 

o 

— 

— 

o 

Idaho 

1 

1 

— 

2 

Illinois 

25 

7 

2 

34 

Indiana 

S 

1 

— 

9 

Iowa 

15 

8 

2 

25 

Kansas 

10 

4 

— 

14 

Kentucky 

5 

— 

— 

5 

Louisiana 

1 

— 

— 

1 

Maryland 

3 

o 

— 

5 

Massachusetts 

4 

3 

— 

7 

Michigan 

10 

1 

— 

31 

Minnesota 

102 

39 

4 

145 

Missouri . . . 

14 

5 

— 

19 

Montana 

2 

1 

— 

3 

Nebraska 

. . 8 

3 

1 

12 

New Hampshire 

4 

1 

— 

5 

New Jersey . , . 

1 

1 

— 

2 

New York . . 

11 

5 

2 

18 

North Carolina 

3 

— 

— 

3 

North Dakota 

4 

1 

— 

5 

Ohio 

15 

671 
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3 

25 
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Oklahoma 

5 

— 

— 

5 

Pennsylvania 

6 

2 

1 

9 

Rhode Island 

— 

— 

— 

0 

South Carolina 

6 

1 

— 

7 

Tennessee 

1 

1 

— 

o 

Texas 

1 

1 

— 

o 

Vermont 

1 

1 

1 

3 

Virginia 

4 

— 

— 

4 

Washington 

2 

1 

— 

3 

West Virginia 

1 

1 

o 

4 

Wisconsin 

25 

8 

6 

39 

Wyoming 

1 

1 

3 

5 

Washington, D. C. 

16 

7 

1 

24 

Australia 

— 

1 

— 

1 

Ottawa, Canada 

3 

— 


1 

Total 

325 

121 

33 

479 


For a number of years the local committee has arranged programs and 
trips for the entertainment of the ladies who accompanied the men to the 
meeting of the American Dairy Science Association. This year one hun- 
dred and twenty-one women and thirty- three children registered and were 
delightfully entertained by the ladies of the local members with the assis- 
tance of Minneapolis and St. Paul industries. The program for the ladies 
follows : 

June 24 — Monday 

8:30 p.m. — Informal social get-together for 'members and their families, Home Eco- 
nomies Building, University Farm. 

June 25 — Tuesday 

Hosts for the day — Twin City (St. Paul and Minneapolis) Dairy Industry 
0: 00 a.m. — 12: 30 p. m. Sight seeing automobile trip of the Twin Cities. 

12 : 45 P. m. — Complimentary luncheon, Radisson Inn, Lake Minnetonka. 

2: 30 P. M. — Return to University Farm Campus. 

4: 00p. m.-— M embers and their families leaves for tiip to Land-O-Lakes Creameries, Inc. 
6:00 p.m. — Complimentary dinner and entertainment as guests of Land-O-Lakes 
Creameries, Inc. 

June 26 — Wednesday 
HoBt for the day — General Mills, Inc. 

0: 00 a.m. — Busses will call for the ladies at University Farm and conduct them on a 
tour of the University of Minnesota Campus, Minneapolis, and of the 
Washburn Crosby Flour Mills. 

12 : 00 noon — Complimentary luncheon at Nicollet Hotel, Minneapolis. 

2 : 30 p. M. — Return by busses to University Farm, St. Paul. 

4:00 p.m. — Tea, Fireplace Room, Home Economics Building, University Farm. 

Mrs. Walter C. Coffey, Hostess. 

5 : 00 p. m. — Leave for Minneapolis Automobile Club. 

7 * 00 p. m. — Subscription banquet and entertainment at Minneapolis Automobile Club. 

June 27 — Thursday 

Shop, golf or other optional activities; or merely rest. 
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The ladies entertainment committee, that planned and carried out the 
above program were Mrs. T. W. Gullickson, Chairman, Mrs. Walter Ahl- 
strom, Mrs. N. N. Allen, Mrs. W. C. Coffey, Mrs. W. B. Combs, Mrs. S. T. 
Coulter, Mrs. J. B. Fitch, Mrs. E. 0. Herreid, Mrs. Harold Macy, Mrs. L. S. 
Palmer, Mrs. W. E. Petersen, Mrs. B. A. Zakaraisen, Mrs. F. B. Astrotli and 
Mrs. H. It. Searles. 

On Tuesday evening the members of the association were the guests of 
the Land-O-Lakes Creameries, Inc., in an inspection of their large plant and 
at a dinner at which John Brandt, President of the Land-O-Lakes Cream- 
eries, presided. The honor guest was Theophilus L. Ilaecker, now past 90 
years of age, but still alert and active. Professor Haecker was one of the 
early Professors of Dairy Husbandry in the College of Agriculture of the 
University of Minnesota. He was a pioneer in the cooperative creamery 
movement in Minnesola, and was one of the early investigators of the nutri- 
tional requirements of farm animals. As a result of his work in the field 
the Ilaecker feeding standards were long in use. 

On Wednesday noon the association members were the guests of the staff 
of the University of Minnesota Dairy Department, at a fine luncheon in 
Haecker Hall. 

On Wednesday evening the annual banquet was held at the Minneapolis 
Automobile Club. The feature of the evening was the presentation of the 
Association’s scroll to Professor Martin Mortensen, Head of the Dairy In- 
dustries Department, Iowa State College, as a testimonial of appreciation 
for his years of outstanding work as a teacher and scientist. Professor 
E. kS. Guthrie, of Cornell University, made the presentation speech. Last 
year this award was made to Doctor 0. F. Hunziker, of Chicago, and the 
year before to Professor W. F. Fraser, of the University of Illinois. Both 
of these men were present with their wives and were asked to stand when 
the scroll was presented to Professor Mortensen. The wording on the scroll 
follows : 


MARTIN MORTENSEN 
Friend and Councilor 

Professor Martin Mortensen was awarded membership in the Riddcr of 
Dannebrag, the highest honor that the King of Denmark, his native land, can 
bestow. 

Recently he received the honorary degree of Doctor of Laws from Kansas 
State College of Agriculture and Applied Science, in recognition of his eminent 
service to the dairy industry. 

Two years ago the alumni of his department presented to their alma mater 
a portrait of their wise and kindly councilor, in honor of his faithful service 
as Head of the Department of Dairy Industry of the Iowa State College of 
Agriculture and Mechanic Arts, for a quarter of a century. 

In admiration of him and because of his devotion to our Association, 
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MARTIN MORTENSEN 

is given this tribute at the thirtieth annual meeting at St. Paul, Minnesota in 

nineteen hundred and thirty-five, by the American Dairy Science Association. 

R. R. Graves, Secretary C. L. Roadhouse, President 

The opening session was on Monday evening. President L. D. Coffman, 
University of Minnesota, and Dean W. C. Coffey* University of Minnesota, 
were introduced by Professor J. B. Fitch, University of Minnesota, and 
gave welcoming addresses. Dr. C. L. Roadhouse, President of the Amer- 
ican Dairy Science Association, gave a brief address and opened a short 
business meeting at which were given reports of the Editor of the Journal 
op Dairy Science, Chairman of the Journal Management Committee, and 
the Secretary-Treasurer. Following this meeting there was an informal 
social get-together for members, guests and families at the Home Economics 
Building. 

On Tuesday morning at a joint meeting of the American Dairy Science 
Association, the Corn Belt Section of the American Society of Agronomy, 
the American Society of Agronomy, the American Society of Horticultural 
Science, the Great Planes Section of the American Phytopathologieal So- 
ciety, the Genetics Society of America, and American Society of Plant 
Physiologists, a symposium was held on: “Improving the Germ Plasm of 
Domestic Plants and Animals. Dr. H. K. Hayes, Chairman, Section O, 
Vice-president, A. A. A. S. ; presided. Dean W. C. Coffey, in an introduc- 
tory address, stressed the fact that perhaps livestock breeders had paid too 
much attention to points of the show ring rather than to feeding efficiency 
and added a plea not to “sacrifice superior germ plasm to the inefficient god 
of the show.” Dr. J. L. Lush’s address on “accomplishments with ani- 
mals” followed. Dr. Lush has recently spent a year in Denmark. Many 
of his illustrations were taken from data derived from Danish cow-testing 
associations and Danish pig-recording-testing societies. Pr. 0. S. Aamodt, 
University of Wisconsin, gave an illustrated address on the “Analysis and 
Synthesis in the Development of New Varieties of Plants” One of the in- 
teresting features of Dr. Aamodt ’s address was his description of “weather 
machines” in which could be reproduced various combinations of weather, 
and in which varieties of plants could be tested for their ability to with- 
stand high temperatures and low moisture or their hardiness in withstand- 
ing low temperatures. Where, under field conditions, it took about six 
years to reliably establish facts as to the hardiness of a strain it can now be 
done with the “weather machine” in one year. The symposium was closed 
by the reading by Dean Coffey of the following letter from Henry A. Wal- 
lace, Secretary of Agriculture : 

Dear Dean Coffey: 

I am afraid I do not have time to prepare a paper on “Future Possibilities in 
Plant and Animal Production through Genetic Researches.” If, however, the following 
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would be of any service to you, you can incorporate it into your symposium, if you so 
desire : 

Scientific plant and animal breeding is in its infancy. In the animal world especially, 
most of the significant results thus far have been obtained by private individuals follow- 
ing empirical methods. These methods, in all too many cases, have had more concern 
with changing the form and appearance than with changing the functions. The accom- 
plishments of the immediate past are sufficiently great so that we can be confident 
that the potentialities of the future are rich beyond ad imagination. But of very 
necessity, the time factor is such that the progress in any one year or even five-year 
period will seem distressingly slow. 

As wo endeavor to segregate superior strains of plant and animal germ plasm and 
bring about that combination of superior strains which will result in tiie most efficient 
functioning organisms, we must remember that not only must there be a carefully 
planned scientific approach set up o\er the years but also there must be a profoundly 
sympathetic attitude toward the organisms with which the work is being done. Scientific 
analysis is not enough. There must also be love of synthesis on the part of individuals 
who have a definite affection for the particular species of plant or animal, the innate 
character of which is being improved. A true plant and animal breeder must also be some- 
thing more than a Mendelian geneticist. As a matter of fact, the best plant and animal 
breeders may be only moderately thorough in their understanding of Mendelian genetics. 
They may be only moderately good in the fields of statistical comparisons, but they 
must have that sympathetic understanding of life, that highly developed power of 
observation which characterized the nature students of the ninteentli century and which 
should now f characterize the plant and animal breeders of the twentieth century as 
they attempt to improve the functions of the organisms in which they are so intensely 
interested. If the Universities, Experiment Stations, and the Department of Agriculture 
can furnish facilities to the various individual workers to continue broad-gauged programs 
over a long period of years, the results fifty years hence, I am convinced, will be 
truly amazing. 

In closing, I would like to express my belief that, in all probability, there will 
be an ever growing intensity of scientific interest in the functions of living forces as 
contrasted with the more static inorganic, mechanical forces. As this change in human 
interest gradually comes to pass, I am sure that life will become definitely richer. 

PUBLICATION OF ABSTRACTS 

0. F. Hunziker reported, as Chairman of the Journal Management Com- 
mittee, that a plan has been evolved for the Association to publish abstracts 
of dairy literature. The proposed plan had the unanimous approval of the 
Board of Directors and after presentation to the convention, was also 
approved by the membership. 

The report of the Secretary-Treasurer was read and approved. The 
report follows : 


THE SECRET ARY-TREASURER ’S REPORT 
Membership 

Following is a table showing the membership of the association as of Juno 15, 1035. 
The number of new members and associate members that have como in for this year 
are shown by States together with the number of old members who are in good standing, 
the total number of members and associate members in good standing by States — and 
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the number of active members in 1934 who have failed to date to renew their membership 
for this calendar year. 

The totals show that as a result of the campaign for new members this year, 152 new 
members and 20 associate members have been secured, giving us 640 full members and 
21 associate members, or a total of 661 active members to date. This exceeds the total 
number of active members in 1934 by 39. Tt may reasonably be expected that tlie 
total number of active members for 1935 may go as high as 675. 

The unfortunate feature of this showing is that 151 members who were active in 
1934 have failed to renew their membership for 1935. These 151 non-renewals con- 
stituted close to one-fourth of our 1934 membership. 

Our turnover in membership has been high for several years. This year and 
last we had active and successful campaigns to increase our membership, and the 
turnover has increased. This failure of so many to renew their membership is probably 
due in part to economic conditions and in part to the fact that many new members 
who have joined our association during these membership campaigns have not found 
in our association or in our Journal what they needed. We are discussing today the 
possibilities of abstracting the dairy literature for publication in the Journal of Dairy 
Science. It may be that these abstracts will more nearly meet the needs of many 
members who arc engaged in commercial work than do the technical articles that 
predominate in the Journal. 

We are still far from having the number of members, that the size of our industry 
warrants, when gauged by the number of men who are interested in or connected with 
its technical or scientific phases. In January 1930, when I became Secretary, we had 
about 400 members. The greatest increase in members has come in the past two years, 
due to the active membership campaigns conducted by Presidents Stoltz and lloadhonse, 
with the splendid cooperation of members in the various States. If the membership 
is to be maintained at its present level, or increased, it appears that such membership 
campaigns will have to become regular yearly' affairs. 

Some of you who have served on membership committees that have sent in the 
names of applicants for membership may get the wrong impression from the accompany- 
ing table in that new members are credited to the States from which the applicants 
were recommended. For instance Dr. Ellenberger ’s Committee in Vermont have sent in 
a number of applications but the applicants were all residents of States other than 
Vermont. 

1985 Membership in American Dairy Science Association 


STATE 


NEW MEMBERS 


Full 


Asso- 

ciate 


OLD MEMBERS 


Full 


Asso- 

ciate 


TOTAL 


Full 


Asso- 

ciate 


1934 
members 
not re- 
newed 


Alabama 
Arizona 
Arkansas 
California . 
Connecticut . 
Washington, D. C. 
Florida 
Georgia 
Idaho . . 

Illinois . 

Indiana . .. . 

Iowa 


1—1 

— — 3 

— — 1 

12 1 34 

1 — 13 

6 — 37 

1 — 4 

— — 2 

— — 3 

9 — 39 

1 — 19 

1 — 15 


2 — — 

3 — 4 

1—1 
46 1 5 

14 — 4 

23—4 
5—1 
2 — 1 

3—1 
48 — 14 

20—4 
16—3 
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Kansas 

1 



8 



9 


l 

Kentucky 

— 

— 

5 

— 

5 





Louisiana 

— 

— 

3 

— 

3 



1 

Maine 

— 

— 

3 

— 

3 





Maryland 

4 

— 

10 

— 

14 

— 

4 

Massachusetts 

6 

— 

11 

— 

17 



4 

Michigan 

9 

1 

17 

— 

26 

1 

1 

Minnesota 

21 

— 

10 

— 

40 



o 

Mississippi 

— 

— 

2 

— 

« 

— 

1 

Missouri 

4 

— 

17 

— 

21 



2 

Montana 

2 

1 

o 

— 

4 

1 

4 

Nebraska 

3 

— 

10 

— 

13 

-- 

2 

Nevada 

1 

— 

1 

— 

o 




New Hampshire 

1 


4 

— 

5 


— 

New Jersey 

4 

— 

7 

— 

11 

— 

4 

New Mexico 

— 

— 

o 

— 

o 

— 

1 

New York 

8 

— 

57 

— 

65 

— 

16 

North Carolina 

o 

— 

3 

— 

5 

— 

1 

North Dakota 

— 

— 

3 

— 

3 

— 

1 

Ohio 

7 

10 

31 

— 

38 

16 

ir> 

Oklahoma 

o 

— 

4 


6 

— 

i 

Oregon 

o 

— 

8 

— 

10 

— 

4 

Pennsylvania 

14 

— 

27 

— 

41 

— 

13 

South Carolina 

*— 

— 

5 

— 

5 

— 

6 

South Dakota 

1 

— 

2 

— 

3 

— 

1 

Tennessee 

3 

— 

o 

— 

5 

— 

7 

Texas 

1 

— 

3 

— 

4 

— 

1 

Utah 

4 

— 

3 

— 

7 


— 

Virginia 

3 

— 

3 

— 

6 

— 

o 

Vermont 

— 

— 

13 

— 

13 

— 

5 

Washington 

4 

— 

9 

— 

13 


— 

West Virginia 

1 

— 

10 

— 

11 

— 

3 

Wisconsin 

5 

1 

23 

1 

28 

»> 

— 

Wyoming 

— 

— 

1 

— 

1 

— - 

— 

Total 

145 

20 

479 

1 

624 

21 

145 

Membership 

in United States Territories and Other 

Countries 









nil) NOT 




NEW 

OLD 


TOT \ L 

KENEW 

Canada 



5 

9 


14 

3 

Denmark 



- 

o 


2 

- 

France 



1 

- 


1 

- 

Germany 



- 

1 


1 

- 

Holland 



- 

1 


1 

- 

Japan 



- 

1 


1 

- 

Russia 



- 

1 


1 

- 

Scotland 



- 

1 


1 

- 

Porto Rico 



- 

1 


1 

- 

Panama 




- 

1 


1 

1 
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Alaska . 


- 

- 

— 

1 

Ireland . . 


1 

- 

1 

- 

Italy . . . 


- 


— 

1 

Total Foreign 


7 

18 

25 

6 


FULL 

ASSOCIATE 

FULL 

ASSOCIATE 

NOT 

RENEWED 

United States 

145 

20 

479 

1 

145 

Foreign 

7 

— 

18 


6 


152 

20 

488 

1 

151 

Total full 

members 



640 


Associate 

members 



21 






661 



Finances 

The finances of the association are best shown by the balance sheet as of December 
31, 1934, and the Profit and Loss Statement for the Period November 27, 1933, to 
December 31, 1934. These follow, together with an explanatory letter from Charles E. R. 
Adams, Public Accountant. 

10 Knowles Avenue 
Kensington, Maryland 
February 5, 1935. 

Mr. Roy R. Graves 
Secretary and Treasurer 
American Dairy Science Association 
Washington, D. C. 

Dear Mr. Graves: 

In accordance with your request I have made an examination of the records of the 
American Dairy Science Association, installed a complete set of double entry books, 
and submit herewith the following statements and comments: 

“EXHIBIT A ” — BALANCE SHEET 

as at December 31, 1934. 

“EXHIBIT B” — STATEMENT OF OPERATIONS 

For the period November 27, 1933 to December 31, 1934. 

Comments : 

Cash in Bank as shown by the books was reconciled with bank statements furnished 
by the McLachlcn Banking Corporation. Cash on band represents one money order, not 
included in 1934 deposits. 

All records furnished me were recorded on double entry books and all accounts were 
closed at December 31, 1934. 

Bonds appear on the balance sheet at par and were recorded according to your 
information. 

Accounts Receivable — Returned Checks were set up from information obtained from 
your bank statements. As insufficient records were kept of these items it was impossible 
to trace their final disposition. It is quite probable that the majority of these checks 
have been made good and the amounts of same included in various deposits. If this 
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is the case, membership fees or subscriptions are overstated to that degree. However, 
future adjustments will clear these items in proper order. 

I have estimated the inventory taken by Science Press of Journals on hand at 
December 31, 1934, to be $525.00. Eighty per cent of this amount has been set up 
in a reserve to decrease the inventory to a conservative value, future sales of old copies 
being doubtful. 

As there was no inventory of Journals taken at the beginning of the period audited, 
and the records were incomplete, I was unable to compute the beginning inventory for 
the purpose of showing the cost of goods sold. 

The Profit and Loss Statement shows the amount of purchases as expenses under 
the various headings. These costs were recorded on a cash basis from the cash book. 

Deferred income represents payments made in J934 on 1935 subscriptions and 
membership. 

In order to facilitate future audits and provide sufficient data for verification of 
account balances, I recommend the following procedure. 

Request your publisher, Science Press, to submit names and addresses of subscribers 
and advertisers along with their remittances, and record in detail in this report, retail 
price and discount allowed as w r ell as amount remitted. 

Request also a detailed statement of all Journals sold, showing name and address 
and number of copies of each volume and the same information on advertising contracts 
This applies to gratis copies as well. 

This information will be of value in the verification of inventory and amounts 
received. 

Respectfully submitted, 

Charles E. R. Adams, rublic Accountant 


AMERICAN DAIRY SCIENCE ASSOCIATION 
WASHINGTON, D. C. 

“EXHIBIT A ” 

BALANCE SHEET 
as at December 31, 1934. 

Assets 

Cash in Bank $3950.40 

Cash — on hand — undeposited 2.00 $3952.40 


Accounts Receivable — 

Advertising Accounts: 

Creamery Package Mfg. Co. 
Mitchell Faust 
Difco Laboratories 
Returned Checks 


20.82 

7.00 

13.00 

35.00 75.82 


Inventory — Journals (see comments) 
Less reserve 


525.00 

420.00 105.00 


Investments — Bonds 3000.00 

Total Assets $7133.22 

Liabilities and Capital 

Accounts Payable $ 955.88 

Deferred Income 398.05 
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Capital: 

Capital — November 27, 1933 per financial state- 
ment of that date 5437.49 

Add: Estimated value of Inventory of Journals 

at December 31, 1934 105.00 

Net Profit for period, November 27, 1933, 
to December 31, 1934, transferred from 
“Exhibit B” . 236.80 


Total Liabilities and Capital 

AMERICAN DAIRY SCIENCE ASSOCIATION 
WASHINGTON, D. C. 

“EXHIBIT 

STATEMENT OF PROFIT AND LOSS 
For the Period November 27, 1933 to December 31, 1934. 


Income: 

• 


Membership Fees 


$3020.30 

Subscriptions 


2939.72 

Advertising 


3375.45 

Single Copies 


9.50 

Back Copies 


85.80 

Reprints . . 


83.74 

Sale of Abstracts 


43.53 

Sale of Bulletins 


50.00 

Miscellaneous Income 


2.25 

Gross Operating Income 

Operating Expenses: 

• 


Journal 


5328.10 

Reprints 

Handling of advertising & subscrip- 


150.30 

tions 


571.97 

Postage & Stationery — Science Press 


129.03 

Editorial Expense: 


, 

Salary 

$750.00 


Telegrams 

1.13 


Postage & Supplies 

89.25 

'840.38 

Presidential Expense 

Secretary and Treasurer 


46.50 

Salary 

300.00 


Postage . . 

31.00 

331.00 

Divisional Allotment . , 


300.00 

Accounting & Bookkeeping 


100.00 

Association Stationery . 


22.00 

Federal Check Tax . .« 


1.02 

Collection and Exchange 


3.61 

Miscellaneous ... 


26.20 


5779.29 


$7133.22 




$7610.29 
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Total Operating Expense 7450.11 

Net Operating Profit ] 60.18 

Non-Operating Income: 

Bond Interest 112.50 

Bond Premium on U. S. Bonds 35.88 76.62 

Net Profit Transferred to “ Exhibit 

A” 236.80 


The report of the Auditing Committee also follows : 

Mr. B. R. Graves, 

Secretary-Treasurer, 

American Dairy Science Association, 

Bureau of Dairy Industry, 

Washington, D. C. 

Dear Mr. Graves: 

The auditing committee has examined the books and records of the association for 
tho fiscal year November 27, 1933, to December 31, 1934, and finds them to be correct and 
in good order. Since the financial statement includes the expenses of 13 months, but the 
income of only 12 months, the profits for the year 1934 arc aeutally greater than is shown. 

The committee recommends that the books be audited annually by a competent public 
accountant, provided the cost is reasonable (approximately $25.00). 

The committee further recommends that an additional $1000 be invested in Govern- 
ment Bonds at this time. It feels that purchase of $2000 worth of bonds at the present 
time would excessively lower the bank balance which now includes most of the income for 
the year 1935, but from which the larger part of the year’s expenses must still be paid. 

Very truly yours, 

John I. Ormond 
(for II. F. Judkins) 

L. A. Rogers 
B. II. Webb 

At the 1934 annual meeting the Board of Directors authorized the Sec- 
retary-Treasurer to change the fiscal year to the calendar year, and to 
balance the books of the association as of December 31 instead of November 
30, as in the past. Consequently the above statement covers a period of 13 
months. Some of the operating expenses for the last half of 1 933 were paid 
in December of 1933 and are therefore included in the above statement. 
The salary of the Editor and of the Secretary-Treasurer as listed on State- 
ment of Profit and Loss covers a year and a half because the salaries for the 
last half of 1933 were paid in December, 1933. Therefore, the net profit 
for 1934 is actually nearer $600.00 than the $236.80 given in the statement. 

For a comparison of the finances of the association, as given on the 
Balance Sheet as of December 31, 1934, it may be stated that in January, 
1930, the capital of the association was $1,411.17. 
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The report of the Editor of the Journal of Dairy Science was read 
and approved. A brief of the Editor’s report follows: 

The reports of the Editor of the Journal of Dairy Science was received 
and approved. This report shows that in spite of the monthly publication 
of the Journal, and its consequent increased expense for the year 1934 as 
against the bi-monthly publication prior to 1934, the Journal business 
shows a small profit. This was made possible by the very considerable in- 
crease in membership fees resulting from the membership drive that was so 
successfully conducted during the past year. The report further empha- 
sizes that the increased size of the Journal, the more frequent publication, 
the increased use of the Journal for Association affairs, and the trend to- 
ward an increased proportion of members to subscribers, all indicate an 
improved Journal and a stronger Association. 

The following report of the nominating committee was received and 
approved : 

For Vice-President: 

J. R. Dice, North Dakota. 

R. R. Graves, Washington, D. C. 

For Director for 3-year term : 

J. W. Linn, Kansas. 

C. R. Gearhart, Pennsylvania. 

Submitted : 

H. A. Bendixen, Washington 

R. B. Becker, Florida 

J. M. Sherman, New York 

H. B. Ellenberger, Vermont 

E. L. Anthony, Michigan, Chairman 

BUSINESS CONDUCTED BY THE BOARD OF DIRECTORS 

Officers and members of the Board present were : Dr. C. L. Roadhouse, 
President; H. A. Ruehe, Vice-President; R. R. Graves, Secretary-Treasurer; 
Professor Martin Mortensen and Dr. 0. F. Ilunziker, members of the Board. 
Dr. L. A. Rogers, the third member of the Board, was unable to attend the 
meeting. 

The following motions were adopted : 

1. To hold the 1936 annual meeting at Pennsylvania State College, on 
the dates of June 17, 18, and 19, 1936. 

2. To adopt the Registration Fee method of defraying expenses incurred 
in the holding of the annual meeting. The fee was set at $1*00 for members 
and $2.00 for non-members. Families of members attending the annual 
meeting will not be required to pay a fee. 

3. A vote of thanks was extended to Professor A. A. Borland for the 
invitation to hold the next Annual Meeting at Pennsylvania State College. 
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4. The secretary was directed to send the following telegram to Doctor 
A. C. Dahlberg, Editor of the Journal of Dairy Science. “ Directors of 
American Dairy Science Association express sympathy your illness and 
regret your inability to attend meeting.” 

5. The Journal Management Committee was instructed to draw up a 
new agreement relative to the publishing of abstracts in the Journal, to be 
submitted to the general meeting for action. (Submitted and approved — 
see report.) 

6. That the Journal Management Committee for the following year be 
the same as the past year, that is, Dr. 0. F. Hunziker, Chairman, Frofessor 
A. A. Borland, and the Secretary. 

7. The appointment of Professor R. B. Stoltz, of Ohio State University, 
as Secretary-Treasurer for the next fiscal year — effective January 1, 1936. 

8. The reappointment of Dr. A. C. Dahlberg as Editor of the Journal 
of Dairy Science for the coming } r ear. 

At the meeting of the association on June 27 the following business was 
transacted : 

Professor C. Y. Cannon, reporting on the Pasture Committee, requested 
that the committee be continued and that R. II. Lush, of the, University of 
Louisiana, be reappointed as the association’s representative on the joint 
committee with representatives of the Animal Production Society and the 
Agronomic Society. 

Announcements of the appointment of Professor R. B. Stoltz as Sec- 
retary-Treasurer; of the reappointment of Dr. A. C. Dahlberg as Editor of 
the Journal of Dairy Science; of the acceptance of the invitation to hold 
the 3936 meeting at Pennsylvania State College on June 37, 18 and 19; and 
of the adoption of the “Registration Fee” as a means of paying the expenses 
of holding the annual meeting. 

The following report of the Production Section was given by Professor 
C. Y. Cannon, Chairman. 

All papers were presented as listed. Average attendance per session 66. 

Committee on Nominations were : 

C. F. Huffman, Chairman, E. C. Elting and II. P. Davis. The commit- 
tee presented the following names for election : 

For Chairman — K. S. Morrow— (elected) New Hampshire. 

R. H. Ruffner North Carolina. 

For Secretary — W. E. Kraus — (elected) Ohio. 

S. I. Bechdel Pennsylvania. 

Committee on Resolutions were : Fordyce Ely, Chairman, R. B. Becker 
and T. M. Olson. The committee presented resolutions to the general Reso- 
lutions Committee. 
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Pasture report presented in mimeograph form. 

Judging committee reported. 

Report moved and accepted. 

Judging Committee is as follows : I. W. Rupel, Wisconsin, E. C. Elting, 
South Carolina, Paul Reaves, Virginia, Elmer Hanson, Iowa, J. P. Kendrick, 
U. S. D. A., Washington, D. C. 

Report of Committee on Breed Relations given by R. T. Harris of Wis- 
consin — moved, seconded and adopted that breeds take aliquot samples of 
each milking for composite testing. 

Breeds Relation Committee appointed: Roy Harris, Chairman, Wiscon- 
sin, S. M. Salisbury, Ohio, Fordyce Ely, Kentucky, E. J. Perry, New Jersey, 
and C. N. Shepardson, Texas. 

The Pasture Committee was reappointed as follows: I. R. Jones, Oregon, 
G. Bohstedt, Wisconsin, C. B. Bender, New Jersey, R. B. Becker, Florida, 
and R. H. Lush, Chairman. 

The following report of the Extension Section was given by Floyd John* 
son, Chairman : 

The Extension Section held two half-day sessions and one short session for the 
explanation of exhibits of teaching materials. 

The first session was held on Monday afternoon, .Tune 24th, in order to complete the 
work of the section and give opportunity for extension members to hear as many papers 
as possible given by the other sections. The papers given were short reports of com- 
mittees previously appointed to make studies of the best methods of developing and 
executing dairy extension projects. 

The reports dealt with the following subjects: Exhibits, Quality Improvement in 
Dairy Products, Sires, Testing, Feeding and 4-II Clubs. 

Time was set aside for discussion after each paper. Those attending took full 
advantage of this opportunity and at times this part of the program became lively. 

The officers of the extension section were pleased to see so many members from the 
other sections attending our meetings. 

About 50 attended the two half-day sessions and about 20 attended the short session 
for the explanation of exhibits. 

Last year an exhibit of teaching materials and devices was made by the extension 
section. This project proved to be of such value that it was repeated this year. The 
exhibit this year was so much more complete and more interesting than that of last year 
that the section voted to continue this phase of the program. 

There were exhibits from 15 States and the Bureau of Dairying at Washington. 
Exhibits of publicity materials and dark room was furnished so that film strips could be 
shown. 

The extension section greatly appreciated the attitude of the general program com- 
mittee in assisting with the making of the extension program. 

This section also appreciated the excellent arrangements provided for exhibits and 
meetings^ 

The extension section passed a resolution commending the association for arranging 
for a section on problems and methods of instruction. The extension group feels that 
this idea should be further developed to include all phases of dairy teaching. We believe 
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that the teaching of agriculture and dairying in particular offers a real opportunity to 
provide education in its broadest sense. 

The events of the last few years show that we need to educate leaders in dairying 
who are not only well trained in that field, but who are also broad-gauged members of 
society. 

In 1934 there were 43 extension members of the American Dairy Science Association 
— in 1935 there were 56. Only 3 members failed to renew their membrship this year. 

There are 110 dairy extension men in the United States according to extension lists 
furnished by the Bureau of Dairying. 

Officers elected for 1936 were: 

E. J. Perry, New Jersey, Chairman 
0. L. Blackman, Ohio, Vice-Chairman 
Earl Shultz, Iowa, Secretary 

The following report of the Manufacturing Section was given by Profes- 
sor 0. N. Trout, Secretary : 

REPORT OF THE DAIRY MANUFACTURERS ’ SECTION 

Due to the able work of Chairman Mack and to the cooperation of the several mem- 
bers presenting papers, the full program of the Dairy Manufacturing ‘Section has been 
carried out according to schedule. With the exception of two papers withdrawn, the pro- 
gram was carried out as printed. 

At the business meeting, T)r. E. S. Guthrie, Chairman of the general committee on 
‘ * Chemical Methods for the Analysis of Milk and Dairy Products, ’ ' reported that progress 
was being made by each of the seven subcommittees on Milk, Butter, Cheese, Ice Cream, 
Condensed and Evaporated Milk, Dry Milk, and Skim Milk, Buttermilk, and Whey. He 
reported that four of the committees had been very active and would s<$on have their find- 
ings in published form. 

Dr. Harold Macy, reporting for the general committee on “Bacteriological Methods 
for the Analysis of Milk and Dairy Products , tf stated that the committees on Milk, Butter, 
Cheese, Ice Cream, Condensed and Evaporated Milk, and Dry Milk had reported progress. 

Prof. H. W. Gregory, chairman of the committee on “Judging Dairy Products , 99 
summaried the work of the committee and pointed out the interest being shown in the 
judging of dairy products as evidenced by the increase in the number of judging teams 
participating in the national contest. 

Dr. H. E. Van Norman discussed briefly the educational work of the Chicago Mercan- 
tile Exchange. Chairman Mack appointed a committee, composed of Prof. M. Mortensen, 
chairman, Dr. O. F. Hunziker, and Prof. P. 8. Lucas, to work with Dr. Van Norman to 
investigate the possibilities of a plan for recognizing the buttermaking efficiency of butter 
makers in the several states now sponsoring state scoring contests. 

Dr. L. M. Thurston, West Virginia, and Dr. W. V. Price, Wisconsin, were elected 
chairman and secretary respectively for the Manufacturers Section for the coming year. 

G. M. Trout 

Secretary , Manufacturing Section 

A report of the hotel arrangements for the association in St. Louis at 
time of the National Dairy Show next October was given by Professor 
Eagsdale. 

Professor Gregory gave a report on the Products Judging Contest. 
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There was some discussion concerning the possibilities of a banquet at 
the Dairy Show next fall at which both the dairy cattle contest winners and 
the products contest winners would be honored. 

Mr. Van Norman offered the following motion — which was adopted — that 
Professors Gregory, Ruehe, and Ragsdale constitute a committee to work out 
arrangements for a joint banquet that would be in accordance with the senti- 
ment expressed at this meeting. 

Professor Fitch, Chairman of a Committee on Milk Standards, stated 
that the committee was not ready to report and requested that the committee 
be continued. 

The following Report of the Resolutions Committee was read by Profes- 
sor Borland and approved by the Association : 

Whereas the American Dairy Science Association assembled at the University of 
Minnesota, College of Agriculture, University Farm, has enjoyed a most satisfactory 
convention professionally and socially, therefore be it resolved 

(1) That the appreciation of the membership be tendered to the personnel of the 
University of Minnesota and College of Agriculture and to the following organizations 
which have contributed to the success of the 30th annual meeting: 

Dairy Record. 

Dairy Supply Houses. 

General Mills, Incorporated. 

Land O ’Lakes Creameries, Incorporated. 

Minneapolis Milk Distiibutors. 

Minnesota Creamery Operators' and Managers' Association. 

Northwest lee Cream Association. 

St. Paul Milk Distributors. 

Twin City Milk Producers' Association. 

Twin City Unit of the National Dairy Council. 

Twin City Press. 

(2) That in view of the fact that more attention is now being given to the funda- 
mental breeding of all classes of live stock including dairy cattle, we recommend that more 
effort be directed toward the keeping of continuous production records of dairy cattle 
through the herd test and Dairy Herd Improvement Associations. We commend with favoT 
any effort that can be made toward increasing financial support for this work from 
available State and Federal funds. 

(3) That we earnestly urge that definite effort be made to improve the educational 
value of the dairy cattle judging contests as sponsored by this association and held in 
connection with the National Dairy Show. These contests in the past added much enthusi- 
asm and interest among our students. We now have available knowledge which makes 
possible the development of a contest which will take into consideration the economic pro- 
duction ability and genetic make-up of our dairy cattle in addition to the appraisal of the 
value of dairy cattle on conformation. The form of contest approved by the Americ an 
Dairy Science Association will influence the procedure followed in similar contests held 
under the direction of the 4-H club and vocational high school organizations. 

(4) That we commend the Food and Drug Administration of the United States 
Department of Agriculture for its effort to improve the quality of dairy products and also 
commend the efforts of all organizations and individuals of the dairy industry that are 
making constructive efforts to aid in the improvement of the quality of all dairy products, 
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and further commend the payment to the producer of a differential for the delivery of 
quality milk and cream. 

0. E. Reed 

H. E. Van Norman 

W. J. Fraser 

J. A. Nelson 

A. A. Borland, Chairman 

Adjournment. 
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INVESTIGATION OF RESAZURIN AS AN INDICATOR OF THE 
SANITARY CONDITION OF MILK 

GUY A. RAMSDELL, WM. T. JOHNSON, JR., and F. R. EVANS 
Research Laboratories, Bureau of 'Dairy Industry , 

V. 8. Department of Agriculture 

The use of chemical indicators for determining the sanitary condition 
of milk is finding considerable application. It is the purpose of this paper 
to describe our studies of the indicator resazurin. On the basis of the 
results of this investigation extending over two years, it is felt that more 
information as to the sanitary condition of milk can be obtained by the 
use of resazurin than from any other chemical indicator now in use. 

While methylene blue fulfills quite well all the requirements of a reduc- 
tase test as specified by Thornton and Hastings (1), it still falls far short 
of giving a true picture of the sanitary condition of many milk samples. 
Its time of reduction is dependent, in part, upon the rapidity of growth 
of those organisms that develop under a definite temperature of incubation 
and not upon the actual number of bacteria initially present, — that is, 
the original contamination. Also, it fails to classify properly those milks 
containing organisms that are slow reducers, since a population well into 
the millions must be developed before the Eh of the milk is sufficiently low 
to effect complete decolorization. Differences in reducing intensities of 
different organisms have been observed by Clark and his associates (2) 
and by Frazier and Whittier (3). Another objection is that the test takes 
too long. Thornton and Hastings (1) state that any oxidation-reduction 
indicator more electro-positive than methylene blue will give misleading 
results, Clark (2), on the other hand, has expressed the belief that a 
more electro-positive indicator might be advantageous. Our results, with 
the slightly more electro-positive indicator resazurin, bear out Clark's 
opinion. This is especially true if the sanitary condition of milk is to 
include the pathological and physiological abnormalities as well as the bac- 
terial contamination. 

Resazurin as an indicator of the sanitary condition of milk has received 
some attention abroad, but there has been no reference in the literature 
to its use for this purpose in this country. Comparisons of reduction 
time of resazurin and bacterial numbers were made by Olga Waldbauer (4). 
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This author, on the basis of her results, was able to classify milks into 
four groups. Mundiger and Wolf (5) compared the reduction time of 
resazurin with plate and Breed counts. They conclude that claim cannot 
be laid to an accurate bacterial count by the resazurin test, but that the 
test is a good means of approximating the quality of milk, is applicable 
to control work, and is especially useful for rapidly detecting poor milk 
of high bacterial numbers. These authors state that resazurin in milk 
reduces to resorufin, which, in turn, reduces to the colorless modification 
hydroresorufin. 1 These steps are shown below. 



The reduction of resazurin in milk is not reversible, while the change 
of resorufin to hydroresorufin is reversible. Resazurin in milk at a pH of 
6.5 is blue and at a pH of 5.3 is red, while resorufin is pink at a pH of 6.5 
and yellow at a pH of 4.8. A mixture of resazurin and milk that is becom- 
ing progressively more negative in Eh will change from blue to pink through 
various shades of purple and lavender. The dye lias a high tinctorial 
power and the color changes are easily judged. 

EXPERIMENT Ah 

It was found that an aqueous solution of resazurin containing .05 per 
cent of the dye did not undergo any visible decomposition when confined 
in the dark for six months. Consequently, a solution of this concentration 
was used for stock solution, and when 0.1 ml. was added to 10 ml. of milk 
the color produced was sufficient for good tinctorial effect. The germicidal 
effect of this concentration, i.e., one part of dye to 200,000 parts of skim 
milk, was then determined. The results are given in Table 1. It is observed 
that resazurin does produce a significant toxic effect in milk, but methylene 
blue in concentrations of one to 571,000 suppressed growth practically to 
the same extent. However, this toxicity does not seriously operate against 
the use of resazurin as a reduction test for sanitary condition. In fact, 
the stock solution is not germicidal for all organisms, hence considerable 
care must be exercised to keep it sterile. 

1 We have been unable to obtain the same shade of pink as developed when resazurin- 
milk mixtures are incubated by adding the chemical resorufin to milk in like proportion. 
This seems to throw some doubt upon whether the difference is due tb the resorufin used 
or whether resazurin actually changes to resorufin during the course of reduction. These 
authors state that their dye contained pure resazurin together with a small percentage of 
resorufin. 
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TABLE 1 

Germicidal effect of rcsasurm and methylene blue in shimmed mdk 


SERIES 

NO. 

HOURS 

INC. 

AT 

37° C. 

MICROSCOPIC FOUNT IN MILLIONS 

% REDUCTION IN MULTIPLICATION 
HI AUDIT. OF IND. 

CONTROL 

Kphhz- 

Skim. 

1 ■ 300,000 

Rosaz- 

Skim. 

1 • 400.000 

MB- 

Skim. 

1 : 571,000 

Rcsaz- 

Skini. 

1 : 200,000 

Ilcsaz- 

Skim. 

3 : 400,000 1 

MB- 

Skim. 

• 571,000 

1 

0 

2.6 

2.8 


28 




U 

3 

1 10.0 

78.0 


76.0 

30.0 


31.9 

2 

0 

2.9 

3.3 

2.8 

3.2 




a 

3 i 

130.0 

100.0 

110.0 

110.0 

22.9 

15.6 

15.9 

3 

0 1 

2.5 

2.4 

2.4 

2.2 




<< 

3 ! 

! 63.0 

39.0 

60.0 

52.0 

3.6 

2.7 

9.0 

4 

0 

1.6 

1.8 

1.6 

1.7 




“ 

3 

84.0 

56.0 

70.0 

58.0 

33.5 

17.0 

31.7 

a 

3 

: 

800.0 

660 0 

640.0 

680.0 

17.6 

20.0 

15.0 

5 

0 

3 6 

3.0 

3.6 

3.5 




u 

3 

1 78.0 

59.0 

80.0 

64.0 

24.7 

0 

1 8.7 

a 

5 ' 

700.0 

500.0 

500.0 

430.0 

28.6 

28 7 

35.9 

6 

o ! 

1 .1 

.1 






a 

33 i 

12.5 

7.6 



39.5 



k 

41 1 

13.6 

9.4 



31.1 



a 

5 

27.0 

17.0 



37.2 



7 

0 

.096 

.08 






u 

31 

1.0 

1.6 



40 . 5 * 



it 

51 

! 40.0 

28.0 



30.0 




* Increase. 


To identify the various colors developed in resazuriu-milk mixtures 
during incubation, comparisons were made with a color chart. The chart 
contained 10 different color standards, each color being: given an odd 
number in increasing sequence to its diminishing proportion of blue, so 
that the last standard was numbered 10 and was entirely pink. Standard 
No. 1 corresponded to the color produced by adding resazurin to fresh 
skim milk in concentration of one of dye to 200, 000 of milk. While the 
number of standards used in the chart was chosen arbitrarily, and possibly 
is greater than would be considered necessary, especially by one running 
a large number of tests daily, it was found that there was sufficient varia- 
tion in color between any two consecutive standards to be easily distin- 
guished. Likewise, the more standards, the more accurate would be the 
determination of the amount of reduction. The standards were prepared 
by filling 20 ml. test tubes with mixtures of various proportions of undyed 
china clay and china, clay dyed with brom cresol green, crystal violet, and 
alkaline phenolphthalein. 
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Comparisons were made between Eh values measured potentiometrically 
during the potential drift and the developed colors on 40 different samples 
of resazurin-skim milk mixtures. There was quite a spread in Eh values 
corresponding to a single resazurin number, so that it was impossible to 
interpret intensities on the basis of the developed color. The maximum and 
minimum Eh values obtained for each resazurin number on this series 
of samples are presented in Figure No. 1. Eh measurements were not 


FIG NO 1 



obtained for all of these extremes, this procedure being impracticable; 
consequently, they are not entirely valid for each color number. However, 
the variations between the true and plotted values should not vary by over 
.005 volt. The zone of reduction of resazurin to resorufin as deter min ed 
visually by the disappearance of the blue modification in 26 samples of 
skim milk in which no abnormal milk or special cultures had been added 
was never more positive than +.10 volt, or more negative than 0 volt. 
The zone of decolorization of resorufin of these samples fell within the Eh 
range of +.05 and —.05 volt. In market milk the zone of reduction of 
these two systems is approximately .1 to .05 volt more positive. In all the 
physiologically abnormal and pathological milks 2 tested the zones of reduc- 
tion were shifted to even more positive values. 

a Throughout this paper the term “ physiologically abnormal milks ’ 9 refers to colostrum 
and milk from cows drying up, and “ pathological milks” refers to milk from cows with 
diseased udders. 
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If an oxidation-reduction indicator were used to measure only bacterial 
contamination, then even methylene blue, which in some milks decolorizes 
at Eh levels as positive as the upper limits of milk systems (1), i.e., from 
f.2 to +.3 volt, would give misleading results, and obviously indicators more 
electro-positive would be even less dependable. However, leucocytes or 
substances associated with leucocytes reduce methylene blue and if they do 
not produce a corresponding lowering in oxygen level, then their presence 
might account, to some extent at least, for the shifting of the zone of 
methylene blue or resazurin reduction to more positive potentials. Conse- 
quently, if this shift is produced by substances present only in physio- 
logically abnormal and pathological milks, then it seems that an indicator 
such as resazurin, which is reduced by these abnormal milks, and, being 
slightly more electro-positive than methylene blue but more electro-negative 
than normal, fresh milk, would respond more rapidly to the reducing 
influences of abnormal milks and thus, instead of yielding misleading results, 
be of added value as an indicator of quality over that of methylene blue. 
Also, with a dye such as resazurin which reduces irreversibly to another 
colored compound, any slight reduction would be manifest in an alteration 
of color and thus yield a measurable record of any abnormality or of 
any slight potential drift, 

COMPARISON OF RESAZURIN REDUCTION AND VARIOUS TESTS USED TO 
DETECT ABNORMAL CONDITIONS OF MILK 

In order to learn to what extent resazurin is reduced by physiologically 
abnormal and pathological milks, comparisons were made between the rate 
of reduction of resazurin and tests used to detect abnormal milks. Middle 
milk was used and was obtained from individual quarters. So as to elimi- 
nate so far as possible the reducing effect of fortuitous bacterial contami- 
nation, samples were drawn directly into sterile bottles. The milk was 
morning’s milk and only a few hours had elapsed from the time of milking 
until the tests were made. The tests included analyses for catalase and 
chlorides, cell counts, microscopic counts before and after five hours incuba- 
tion at 37° C., and standard agar plate counts, together with methylene 
blue and resazurin reduction tests. The course of reduction of the resazurin 
samples was determined by comparison with the color chart every hour 
for five consecutive hours. It was observed that in every sample of high 
resazurin number, i.e., 11 or over within the first two hours, there was also 
a high cell count of one million or more, regardless of the bacterial analysis. 

The relationship between resazurin reduction and catalase content of 
these 49 samples is shown in Figure no. 2. In the samples of low catalase 
and small bacterial population only a slight resazurin reduction resulted 
even after three hours of incubation. However, a high catalase content 
was invariably associated with considerable reduction of this indicator. 
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On the other hand, where the reduction of resazurin was high without a 
correspondingly high catalase content, the divergence resulted from the 
fact that these milks were of high bacterial numbers. Methylene blue 
decolorized in less than eight hours in only two of the 49 samples. One 
sample containing 16 million cells did not fade methylene blue before eight 
hours, but the resazurin number after only one hour of incubation was 15, 
indicating considerable reduction. 

While it is still a mooted question whether high leucocyte content in 
milk is deleterious, especially if the leucocytes do not come from sup- 
purative discharges, the mere existence of large numbers is certainly indica- 
tive of the fact that the milk is abnormal. And since it lias been shown by 
Rosell (6) that mastitis milk is quite prevalent, a test that responds to 
this type of milk as well as to bacterial contamination is of additional 
value as a test of quality over that with methylene blue. 

COMPARISON BETWEEN METHYLENE BLUE AND RESAZURIN TESTS 

Comparison between methylene blue and resazurin tests were made 
on 220 market milk samples. The methylene blue solution was prepared by 
dissolving one methylene blue tablet in 200 ml. of sterile water. One ml, 
of this solution was added to 10 ml. of milk. The resazurin numbers were 
obtained by comparing the developed color with the color chart after the 


DETERMINING THE SANITARY CONDITION OF MILK 


711 


resazurin-milk mixtures containing one of dye to 200,000 of milk were 
incubated for one hour at 37° C. From tlie results obtained the milks 
were graded into four classes according to the following scheme: 

*Methylene Blue Reduction rl Resazurin Number After 

Time ,,MS One Hour Incubation 

More than 5i hours 3 3 to 0 

2 to hours 2 7 to 18 

20 mins, to 2 hours 3 39 to nearly faded 

Less than 20 minutes 4 Completely faded 

Comparison of 410 additional market milk samples were made. In this 
latter series the methylene blue concentration in milk was in the ratio of 
one to 200,000. This methylene blue-milk mixture contained 2.85 times 
more methylene blue than that used in the standard method where methylene 
blue tablets were used. Tn this latter series Class 1 with the resazurin 
test included all eolors from 1 to 7 , Class 2 numbers 8 to 18, and the remain- 
ing two classes similar to the former classification. The results of these 
two series of comparisons are given in Table 2. 

TABLE 2 



C nmparison 

hrtV'CCH 

uu Ihylnt r blue and 




l LA SSI FI- 



rt \SSTFIi 

r.\ ! ION in MKT in l.I‘ \ V 

ItU k I ESI (T Vss 



< A I'lON BV 
UESAXI'KIN 
TEST 


1 

2 


4 

To 

► tills 

No. 

( { 

No 

Vr No. % 

No. 'o 

No 


Class l 1 

66 . 

30.0 

27 

32.3 


93 

42.3 

0 

25 

J3.4 

53 

24.1 3 1.3 


SI 

36.8 

0 



33 

5.9 21 9.5 


34 

15.4 

4 




7 3.2 

5 2.3 

12 

5.5 


91 

41.4 

93 

42.3 33 14.0 

5 2.3 

220 

100.0 

Class I s 

263 

64.1 

15 

3.7 


278 

67.8 

0 

59 

14.4 

57 

13.9 


116 

28.3 

3 



9 

2.2 5 1 .2 


1 1 

3.4 

4 





2 .5 

2 

,5 


322 

78.5 

81 

19.8 5 1.2 

2 .5 

410 

JOO.O 


1 The ratio of methylene blue to milk was 1: 571,000. 

2 Tho ratio of methylene blue to milk was 1 : 100,000. 

In the first series of comparisons there were 27 samples that graded 
Class 2 with the methylene blue test and Class 1 with the resazurin test. 
From the low resazurin numbers after one hour of incubation it can be 
reasoned that cells were comparatively few in these milks and bacteria 
had multiplied very little during the first hour of incubation, but had 

* Classification given in Standard Methods of Milk Analysis, p. 41, published by 
the American Public Health Association, sixth edition, 1934. 
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multiplied sufficiently thereafter to decolorize the methylene blue within 
two to five and one-half hours. We feel that the fact that the resazurin 
test classifies these milks as it does, rather than disqualifying the test is 
an advantage, since the number of organisms originally present in the 
milk, that is, its original contamination, is not always correlated with the 
methylene blue test, especially in good quality milks. Also, the conditions 
to which the milk is subjected in conducting the methylene blue test differ 
considerably from those normally used by the consumer, especially in regard 
to holding temperature. 

By making two observations in the resazurin test, the first after one 
hour of incubation and the second after two hours, a more nearly complete 
picture of the quality of milk could be obtained. However, this procedure 
lengthens the time of the test, which is not always desirable. One hour of 
incubation is generally sufficient to detect most physiologically abnormal 
and pathological milks, as well as milks containing actively growing organ- 
isms. Of course, those milks that contain sluggish organisms that do not 
start multiplication until after the milk has been incubated for over one 
hour would escape detection. The test would have to be altered to include 
more observations at longer incubation periods to enable a proper grading 
of these types of milk. By applying the resazurin test so that only one 
observation is taken, considerable time is saved over that required by the 
methylene blue test. 

THE USE OF RESAZURIN TO DETECT SANITARY CONDITION OF 
HERD MILK SAMPLES 

In Table 3 is presented a series of tests on herd milk samples, includ- 
ing microscopic counts, cell counts, methylene blue reduction tests (concen- 
tration of 1 to 200,000), and resazurin reduction numbers read every hour 
for four hours. 

While, as previously stated, it is impossible to ascertain the oxidation- 
reduction potential of a milk-resazurin mixture by its developed color, 
the rate of change of color should be some indication of its bacterial develop- 
ment. However, due to differences in reducing intensity of organisms and 
the sensitivity of resazurin to certain unknown factors not necessarily 
associated with bacterial flora, a true correlation between the rate of resa- 
zurin reduction and the rate of bacterial multiplication is not to be expected. 
Nevertheless, considerable information can be obtained as to the flora of 
the milk by observing the rate of reduction as manifested in the change 
of color from blue to pink during incubation. 

To illustrate, consider sample No. 734. The resazurin number after 
one hour of incubation was only 3, indicating very little bacterial multi- 
plication, and the number only increased from 3 to 7 within the next two 
hours, which still indicated very little bacterial multiplication, but between 
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TABLE 3 

Comparison of resassurin reduction tests with other quality tests on market milk 


mtrons 

NO. 

MICROSCOPIC 
COUNT IN 
THOUSANDS 

CELL 
COUNT IN 
THOUSANDS 

METH. BLUE 
REDUCT. TEST 
1:200,000 ~ 
ITOURS 

RESAZl lllN TES'l — CHART NUMBERS 

HOURS INCUBATED — 37° C. 

1 

2 

3 

4 

6 

7 

725 

250,000 

450 

7/12 

F 






937 

40,000 

1,300 

17/12 

20 

¥ 





941 

9,000 

300 

13/4 

F 






654 

7,000 

450 

2 5/6 

15 

20 

F 




876 

6,500 

1,600 

3 

17 

F 





839 

4,500 

1,800 

5 

7 

17 

22 

F 


924 

3,600 

380 

3 7/12 

20 

4/5 F 

F 



756 

3,600 

350 

6 2/3 

13 

17 

19 

4/5 P 

F 

804 

3,500 

1,400 

3 2/3 

15 

19 

22 

¥ 


821 

2,500 

730 

31/3 

5 

17 

4/5 F 

¥ 


771 

1,900 

540 

71/6 

13 

19/11 

F/ll 

4/5 F . 


624 

1,500 

800 

31/2 

11 

20 

22 /F 

F 



822 

1,500 

270 

4 

5 

20 

4/5 F 

F 



788 

760 

930 

121/2 

7 

9 

9 

15 


F 

788 

700 

1,400 

10 

6 

8 

13 

15 ! 

F 9 hrs. 

734 

640 

540 

7 5/12 

3 

6 

7 

15 1 

1/2 P 

741 

600 

300 

51/6 

5 

15 

20 

F j 


718 

590 

1,000 

81/4 

o 

4 

7 

11 ! 

16 

744 

590 

400 

10 

3 

5 

0 

9 ! 


915 

570 

400 

11 1/4 

3 

3 

3 

4 


9 

873 

560 

2,000 

71/2 

12 

17 

19 

19 

F 


873 

420 

820 

81/2 

5 

11 

15 

16 


17 

842 

300 

760 

91/2 

5 

5 

9 

13 


F 9 hrs. 

826 

250 

1,000 

11 1/2 

4 

11 

15 

17 


18 

702 

220 

1,200 

10 

3 

5 

5 

7 



SI 4 

200 

80 

11 5/16 

2 

3 

7 

7 


11 

627 

190 

860 

51/3 

15 

19 

F/22 

F 



914 

190 

570 

10 5/12 

3 

3 

4 

11 



687 

370 ' 

2,400 , 

9 2/3 

12 

17 

19 

20 


4/5 F 

771 

160 | 

; 360 

9 

5 

8 

12 

13 


F 9 hrs. 

972 

160 ! 

580 

71/4 

4 

11 

19/15 

20/17 


22 

672 

140 | 

1,300 

55/6 

3 

7 

33 

20 


F 

677 

140 ! 

320 

10 

2 

3 

5 

11 


F 9 hrs. 

602 

140 ! 

800 

8 

4 

7 

12 


17 


756 

130 

280 

8 

2 

4 

7 


12 


750 

110 

3,200 

51/12 

! 15 

38 

20 

22 


F 

934 

110 

1 2,500 

71/2 

I 6 

11 

15 

18 


18 

755 

96 

! 400 

8 

1 4 

5 

7 

15 


23 

877 

96 

170 

71/2 


3 

6 

7 


18 

842 

80 

550 

7 

! 3 

5 

7 

16 


22 

786 

64 

2,400 

8 

| 10 

15 

17 

19 


F 

810 

64 

1,200 

11 5/6 

i 7 

15 

17 

18 


21 

662 

64 

680 

8 

| 4 

7 

12 


19 


799 

48 

1,200 

10 

1 5 

9 

13 

15 



701 

32 

1,400 

101/4 

1 12 

16 

18 

19 


22 

876 

32 

1,200 

10 

j 9 

15 

17 

18 



667* 

32 

620 

81/6 

17 

20 

21 

21 


22 

677 : 

32 

110 

11 5/12 

3 

4 

5 

n 


17 

633 

16 

1,500 

4 

5 

15 

16 

19 


22 

618 

16 

480 

8 

2 

6 

12 


19 


786 

16 

300 

8 

o 

5 

7 


15 


687 

16 

3,000 

10 

9 

15 

17 

18 



935 

16 

2,200 

9 3/4 

7 

15 

18 

19 


21 

877 

16 

1,600 

10 

5 

12 

14 

15 


3/2 F 

926 

16 

1,300 

8 

4 

11 

15 


15 


*754 

16 

1,300 

30 

5 

8 

9 

13 



644 

16 

1,200 

91/2 

0 

12 

14 

17 
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TABLE 3— (Cfonfinweif) 

Comparison of resazurin reduction tests with other quality tests on market milk 


PATRONS 

NO. 

MICROSCOPIC 
COUNT IN 
THOUSANDS 

CKLlj 
COUNT IN 
THOUSANDS 

METH. BLUE 
ItEDUCT. TEST 
1:200,000 ' 
nouns 

RESAZURIN TEST — CIIAltT NUMBERS 

hours rNCUBATKn—37* c. 

1 

2 

3 

4 

i 6 

7 

926 

16 

1,200 

11 1/4 

6 

13 

15 

18 


18 

644 

16 

1,000 

9 

3 

10 

15 

17 


1/4 F 

862 

16 

1,000 

8 

3 

6 

11 


15 


720 

16 

930 

71/2 

5 

15 

17 

20 


F 

702 

16 

810 

91/2 

3 

5 

5 

12 


20 

936 , 

16 

800 

8 

2 

10 ; 

13 ; 


21 

F 

672 

16 

720 

10 

2 

5 

5 

r> 


1 

764* 

16 

700 

8 

7 

13 

15 

17 


23 

811 

36 

600 

10 2/3 

3 

r» 

5 

13 


15 

801 

16 

520 

8 

2, 

4 

5 


10 


909 

16 

510 

101/4 

5 

5 

13 

15 


17 

650 

16 

380 

9 

5 

13 

19/12 

19 


F 

801 

16 

380 


3 

4 

5 1 

11 


15 

899 

16 

280 

8 

2 

6 

10 


19 


814 

16 

280 

10 

2 

3 

5 

6 


FlOlirs. 

741 

16 

240 

71/2 

2 ! 

3 

5 j 

8 


F6$lirs. 

008* 

16 

240 

81/2 

9 

35 

37 1 

18 


22 

947 

16 

220 

6/11/12 

«) 

3 

3 

4 


11 

656 

16 

200 

12 2/3 

3 

4 

7 

13 

i 

37 

792 

16 

120 

8 

2 

4 

6 | 


17 


777 

16 

112 

6 5/6 

3 

6 

15 



F 


Resazurin numbers groator than 19 indicate partial fading of the pink modification, the larger the num- 
ber the more faded. 

* No. 764 — Chloride .137% F— faded 

608 — “ .138% 

667— “ .130% 


the third and fourth hours the resazurin number changed from 7 to 15. 
Within this fourth hour the bacterial population must have increased con- 
siderably to account for this rapid change in resazurin reduction, but the 
flora was not of the fast reducing type, since over seven hours elapsed 
before the dye finally began to fade. The methylene blue sample did not 
decolorize before 7 5/12 hours. The microscopic count before incubation 
was 640,000, and in view of this rather high count and low resazurin 
number after one hour of incubation, many of the organisms must have 
been in the resting stage or dead. 

In several of the samples the resazurin numbers arc considerably greater 
than would be expected from the microscopic count. In most of these 
samples there are rather high cell counts. In general, wherever there has 
been a rapid reduction of resazurin within the hour of incubation in samples 
of milk of low bacterial numbers, either some abnormal feature of physio- 
logical or pathological origin has been found or a rapid multiplication has 
occurred. On the other hand, some abnormal milks have not always pro- 
duced a marked reduction of resazurin within the first hour of incubation. 
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RECOMMENDED PROCEDURE FOR CONDUCTING THE RESAZURIN TEST 

The following procedure for the rcsazurin test is suggested. Prepare 
a .05 per cent aqueous solution of resazurin by dissolving the dye in hot, 
distilled, sterile water, in a volumetric flask of suitable capacity. Cover 
the flask and cool, then fill to mark with sterile, distilled water. To keep 
this stock solution sterile pour approximately the amount desired into a 
sterile bottle, then flame the neck of the flask, cover with a sterile stopper 
and place in the dark until the following day or when again needed. Use 
the solution transferred to the sterile bottle for the day’s run. The amount 
of solution required for each milk sample, which is 0.1 ml. per 10 ml. milk, 
can bo either measured out by using a pipette calibrated in 0.1 ml. divisions, 
or a pipette with a tip tapered to deliver the required amount in exactly 
whole drops, i.e., not fractions of a drop. 

To eliminate the necessity of tipping the test tubes containing the milk 
and resazurin solution to effect uniform distribution, the d 3 T e solution 
should be added to the test tube, first and the milk then poured in quite 
rapidly. However, where it is not practicable to follow this technique, the 
tubes must be turned upside down to obtain uniform mixing. Since the 
results are only comparative, either method is satisfactory as long as the 
technique used is consistent. 

Incubate the mixtures at 37° C., in a bath kept in a dark portion of 
the room, or, if this is impossible, cover the bath with a black cloth or any 
suitable cover which will shut out the light. After one hour of incubation, 
compare the developed colors with the color chart and from readings 
obtained group the samples into the following four classes: 

Class 1 — Good milks, colors between 1 and (). 

2 — Fair milks, colors between 7 and 18. 

3 — Poor milks, colors pink but not faded. 

4 — Very poor milks, decolorized. 

By returning the samples to the bath and recording hourly changes 
until the dye has decolorized, a more precise analysis of the sanitary condi- 
tions of the milks may be obtained. A microscopic examination will aid 
in arriving at a correct interpretation of the results. See discussion of 
sample No. 734, as an example. 

The following outline enumerates the main conditions that may be 
encountered : 

1. If the reduction is rapid, commencing at or soon after incubation, 
Significance : 

(a) Milks highly contaminated with flora in actively growing state. 

(b) Organisms strongly reducing. 

(c) Pathological milks. 

(d) Physiologically abnormal milks. 



716 GU Y A. RAMSDELL, WM. T. JOHNSON, JR., AND F. R. EVANS 

2. If the reduction is slow over four to six hours of incubation, 

Significance i 

(a) Low bacterial count. 

(b) High bacterial count with either dead or inactive organisms. 

(c) Low cell count. 

(d) Very little multiplication of organisms.' 

(e) Much development of bacteria with weakly reducing charac- 

teristics. 

3. If the reduction is first slow, then followed by a rapid reduction, 

Significance : 

(a) Physiologically normal milk. 

(b) Not pathological milk. 

(c) Low bacterial count. 

(d) High bacterial count with organisms in lag phase. 

(e) During period of rapid reduction bacteria arc on the threshold 

of or in the logarithmic growth phase and the speed of 
reduction is a measure of their reducing power. 

4. If the reduction is at first rapid and then followed by a slow reduction, 

Significance : 

(a) Physiologically abnormal milks. 

(b) Pathological milks. 

(c) High bacteria count, but poor reducers if well advanced in 

their logarithmic growth phase. 

(d) Multiplication stopped soon after incubation. 

(e) Very often old milk in which some multiplication had occurred. 

Satisfactory colors can be obtained for the color chart by using the 
dyes described in this paper. However, there are, no doubt, many other 
dyes, as well as other vehicles, that could be used to produce a chart with 
colors similar to those developed when resazurin undergoes reduction in 
milk. Sterilized milk has not been found to be satisfactory as a vehicle, 
since the yellow color produced during sterilization alters the shades to 
the extent that they will not match the colors developed during incubation 
of the mixtures. 

The yellow pigment in milk lessens the blue intensity of the resazurin- 
milk mixtures, the amount depending upon the concentration of pigment. 
As the yellow pigment, carotene, is fat soluble, it will be carried to the top 
with the fat, so after the sample has been held for one hour and the fat 
collected at the top, the milk-resazurin colors approximate more nearly the 
colors obtained when adding resazurin directly to skim milk. Consequently, 
the color standards should be made to compare with skim milk-resazurin 
mixtures rather than with whole milk-resazurin mixtures. 

SUMMARY 

From the results of this investigation the following conclusions are 
drawn : 

I. Only one hour is required to complete the resazurin test as prescribed 
in the text, while the methylene blue test requires over five hours. 
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2. Milk can be classified into four groups as regards sanitary condition 
by means of the resazurin test, 

3. Milks from diseased udders and milks from physiologically abnormal 
cows have significant effects on the reduction of resazurin, and hence the 
test aids in their detection. 

4. By observing the rate of color change of resazurin-milk mixtures 
over a period of hours of incubation, considerable information as to the 
flora can be obtained. 
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THE BACTERIOLOGY OF SWISS CHEESE 

IV. EFFECT OF TEMPERATURE UPON BACTERIAL ACTIVITY 
AND DRAINAGE IN THE PRESS 

L. A. BUBKEY, G. P. SANDERS, and K. J. MATIIE80N 
Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture 

In the manufacture of Swiss cheese, the heating of the kettle contents to 
53° C. or slightly higher, and the high temperature maintained for a num- 
ber of hours in the press, are known to be essential not only for the proper 
expulsion of whey from the curd, as pointed out by Orla-Jensen (10), Vas 
(12), anti Koestler (0), but also for the control of bacterial activity. Burri 
(3) stated that only the thermo-stable organisms survive the heating, with 
a result that in the press 09 per cent of the surviving lactic acid organisms 
are either Streptococcus ihermophilus or Therm obacterium hclveticum. In 
a previous paper (0) it was shown that the aerobic gas-forming organisms 
which are frequently present in milk grew very little if at all in the cheese 
kettle unless present in large numbers, and that while Streptococcus tact is 
grew early in the kettle it was stopped by the heating process. Of the 
starter bacteria, S. tliermophitus (C\) grew during the early part of the 
cooking period; the Jaetobaeilli (39a and Ga) not only did not grow but 
actually decreased in numbers by dipping time. 

A study of the growth of the starter bacteria in the press as reported in 
a previous paper (7) showed that 6'. ihermophilus (C 8 ) resumed active 
growth within 3 or 4 hours after dipping and continued for 6 to 8 hours 
before any retardation became evident. Lactobacillus bulgaricus (Ga) and 
Lactobacillus Helvetians (39a) did not begin to grow until 5 to 10 hours 
after dipping, the time depending on the culture; the Ga culture, with the 
higher maximum growing temperature, started to grow earlier in the cheese. 
This indicated that the starter organisms do not begin to grow’ until temper- 
ature conditions are favorable. 

Further observations on bacterial activity in the cheese showed certain 
significant facts. It was found that at 3 hours after dipping the pH of the 
interior of the cheese (4 or more inches from the hoop edge) was usually 
between 5.90 and 6.15, while the pH near the outside of the cheese (| to 1 
inch beneath the hoop edge) was between 5.60 and 5.85. The more rapid 
acid production near the hoop edge appeared to be consistent with results 
reported by Orla-Jensen (11), w r ho showed that wdiey obtained from the 
cheese board 3 hours after dipping contained 3 to 4 times as much titratable 
acid as that obtained from the center of the cheese. His data showed that 
much of this acid came from used cheese cloths. The higher titratable 
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acidity at the surface, he believed, was also partially the result of rapid 
evaporation from the surface of the cheese, although he indicated that other 
factors may also contribute to this difference. Temperature readings at the 
center of the cheese were included in these data but temperatures near the 
perifery were not determined. 

In this paper are shown the changes in temperature, bacterial popula- 
tion and pH values which occur at varying distances from the hoop edge 
toward the center of Swiss cheese during the first 21 hours in the press; 
data are presented showing the effect of variations in room temperature 
upon the above factors, the relationship between the production of acid and 
the expulsion of whey from the cheese, and the effect of these factors upon 
the quality of the cheese. The bacterial content and acidity of cheese cloths 
are recorded, and the possible effect of contamination from this source 
upon the rate of acid production just beneath the perifery of the cheese is 
discussed. 

EXPERIMENTAL PROCEDURE 

The experimental work was conducted in part at a factory in Ohio, with 
cheeses averaging 160 pounds, green weight; more detailed studies were 
made with laboratory cheeses of about 55 pounds, green weight. 

The starters used consisted of pure cultures of S. thermophilus (CO in 
combination with pure cultures of either L. bulgaricus (Ga or 39aH) or L. 
helveticus (39a), each being grown separately in skim milk or in whey. 

The lactobacillus cultures referred to herein have been in use for a 
number of years in these laboratories and in the factories, and they differ 
distinctly one from another in morphology, maximum growing temperature 
and the amount of acid produced in milk ; however, the identities of these 
cultures have not been positively established. 

Experience has shown that the medium used for the preparation of 
starters in factories often is not sterilized adequately, with the result that 
the starters often are not pure cultures. In these experiments particular 
care was taken to insure the sterilization of the skim milk or whey used in 
the preparation of starters and every precaution was taken to prevent 
subsequent contamination or the use of mixed cultures. 

Temperature readings were obtained by inserting standardized ther- 
mometers so that the mercury bulbs would be located at the points at which 
temperatures were to be determined. In making readings at successive 
1-inch distances from the hoop edge, a cardboard strip with J-inch holes 
1 inch apart was placed on the top of the cheese along its diameter, the first 
hole being 1 inch from the circumference. The thermometers were inserted 
through the holes in the strip and pushed into the cheese until their bulbs 
were at points equidistant from the top and bottom surfaces. 

Samples of cheese for pH, moisture, and bacterial count determinations 
were obtained by removing a 6-inch plug, by means of a trier, from the hoop 
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side of the cheese halfway between the top and bottom surfaces. The plug 
was cut cleanly into 1-inch sections, measuring from the hoop end of the 
plug. Then i inch was cut off from both ends of each section, leaving the 
middle £ inch. This was cut into two halves longitudinally. One part was 
used for the pH determination and the other for the bacterial count. A 
section from the inner end of the plug, more than 4 inches from the hoop 
edge, vras used for the duplicate moisture determination. The sample used 
for bacterial counts was ground in a sterile mortar with sodium citrate and 
water, by the method described by Burkey (1). The direct microscopic 
count was made from this homogenous sample. 

The cooking temperature used in the manufacture of cheese was in all 
cases 53° C. 

RESULTS 

The results of temperature determinations, recorded in Table 1, show 
that the outer area of the cheese cools rapidly and that a decrease of 2° to 
4° C. in room temperature results not only in an acceleration of cooling 
just inside the surface of the cheese during the first 3 or 4 hours but also 
a correspondingly more rapid cooling in the interior, especially after that 
time. When the room temperature is low, the temperatures of all parts 
of the cheese are likewise relatively low at 21 hours; but the difference 
between that of the interior and that of the outer area is practically the 
same as when the room temperature is high. In securing the data shown in 
Table 1, in which are shown average results in 7 factory cheeses made on 
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TABLE 1 

Influence of room temperature on the temperature %n factory Swiss cheese 
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three different days, the room temperatures were recorded at frequent time 
intervals, and also the temperatures at the following points within the 
cheeses : at the central point in the interior ; 1 inch beneath the rind at the 
center of the top surface; and 1 inch beneath the rind at the hoop edge, 
halfway between the top and bottom surfaces. 

The typical relationship between the decrease in temperature at different 
points in Swiss cheese and the development of acidity at these points is 
shown in Figure 1. These data are from a factory cheese made with J per 
cent of L. bnlgaricus (Ga) skim milk starter grown at 42.5° C. and J per 
cent of 8. thcrmophilns (C A ) whey starter grown at 37°. It will be noted 
that a rapid decrease in temperature* at the hoop edge results in a corre- 
spondingly rapid development of acidity. 

More detailed results were obtained in a study made of a 55-pound labo- 
ratory cheese. The pH, bacterial count and temperature determinations 
wore made at regular intervals of time at successive 1-inch distances from 
the hoop edge. These data are shown in Table 2. It will be noted that in 
general the increase in numbers of the starter organisms (C 3 and Ga) and 
the increased acid production occur as a result of the decrease m tempera- 
ture at that point in the cheese. C. increased rapidly in numbers in the 
area 1 inch beneath the hoop edge but growth, as shown by increase in num- 
bers, did not occur until several hours later in the interior. Ga increased 
in numbers in the area 1 inch beneath the hoop edge 1 to 3 hours after 



Fig. 2. Temperature and pH curves at 1-incit distances from the hoop edge 

OF A LABORATORY CHEESE. 


724 


L. A. BURKE Y, G. P. SANDERS, AND K. J. MATHESON 





THE BACTERIOLOGY OF SWISS CHEESE 


723 

dipping; in the 2-inch area in 5 hours, and at 3, 4, 5, and 6 inches no in- 
crease in numbers was evident until the sixth or seventh hour after dipping. 
The temperature and pH curves for the same cheese, presented in Figure 2, 
demonstrate the rapid decrease in temperature in the outer 1-inch area, the 
progressively less rapid decrease at increasing distances from the hoop edge, 
and the corresponding increase in acid with the decrease in temperature. 
It may be seen from these results that a sample to be representative of the 
interior of the cheese should be obtained at a point at least 4 inches from 
the hoop edge. Each hump in the pH curves in Figure 2 represents a 
diminution of acidity which may occur when the growth of C 3 is retarded 
before the lactobacilli begin to grow. 

Data from a similar study of laboratory cheeses made with a different 
lactobacillus culture are shown in Table 3. The starters used were L. hel - 


TABLE 3 

Bacterial growth and acidity in laboratory Swiss cheese (L. helvcticus and 
S. thermophilvs starters) 


HOURS 

AFTER 

DIPPING 

| l INCH BENEATH nOOl* EDGE | 

j I NTKRIOJI OF CHEESE 

pH 

j Counts p*»r gram J 

pH 

Counts per grain 

| 39a | 

c. 1 

39a | 

C 3 

3 

6.29 



6.36 

5,440,000 

39,700,000 

3 

5.5G 

5,430,000 

888,000,000 

6.07 

6,940,000 

38,900,000 

5 

5.28 

48,700,000 

849,000,000 

5.82 

2,950,000 

207,000,000 

7 

5.21 

393,000,000 

3,410,000,000 

5.44 

1,200,000 

362,000,000 

9 

5.15 

355,000,000 

1,380,000,000 

5.39 

3,050,000 

453,000,000 

21 

4.98 



5.00 

367,000,000 

66 7,000,000 

7 

5.23 

245,000,000 

790,000,000 

5.48 

2,650,000 

273,000,000 

33 

5.01 

533,000,000 

1,200,000,000 

5.36 

63,200,000 

158,000,000 


veticus (Ber gey, 1934) (39a) and 8. thermopliilus (C,J. These results 
further demonstrate the early growth of C 3 throughout the cheese. 39a 
began to grow about 3 hours after dipping in the area 1 inch from the hoop 
edge, but there was no increase in numbers in the interior of the cheese 
until the ninth hour. 

The effect of combinations of starters of different activities on bacterial 
growth and pH in the outer 1-inch area and in the interior of factory cheese 
is shown in Table 4. The starters used in the 3 cheeses were : No. 1, jV per 
cent of L. bulgaricus (39aH) skim milk grown at 46° C. for 12 hours and 
i per cent of C s whey grown at 36.5° for 12 hours; No. 2, per cent of 
39aH whey grown at 43° for 12 hours and J per cent of C 3 whey grown at 
38.5° for 12 hours; No. 3, ^ per cent of 39aH whey grown at 43° for 12 
hours and 4 per cent of C 3 skim milk grown at 36.5° for 12 hours. 

The data show that C 3 and 39aH are more active in the cheese when 
grown in skim milk than when grown in whey. 



TABLE 4 

The effect of L. bulgartcus (30aH) and 8. thermophdns (<?,) starters of different activities on bacterial growth, acidity 


726 


L. A. BURKEY, O. P. SANDERS, AND K. J. MATITESON 


| K « o 

« U.1H 
G Cn Oi 


.. £ g 

H tfi 
.8 | £ 
ft 2 s 


CO rH Oi tO 04 

to* to id id ic 


Oi CO 1C W CO 

« Oj O io CO 

to to* to* id id 


© © © © 
© © © © 
© ©. ©^ 
! of th o' o' 

to O © 05 
CO CO c C! 


o © o o 
© © © © 
o ©^ o_ 
to' to* o o' 

CO CO o o 
rH CO O f* 


o o o o 
© © © © 
O. ©^ ©^ © 

CD o o' »d 

05 O o OI 

04 © © to. 

CO' o CO rH 
CM CO O 
04 CO 


OJ c © 
<M oi © r 
^ Cl IO IO 


© © © © 
L.O © © © 
0\ © ©^ ©^ 
erf to' c~ cf 

CC © 00 


© © © © 
© © © © 
©_ ©. 
o' ©~ © 

t- © © oi 


© © © 
© © © 
©^ ©^ © 
irf cf o’' 

C0 © ID 
OI © 


© © © 
© © © 
© © © 


© © © 
© © © 
rH © © 


© rH CO © 04 


.S hf 

W •§ a 

ca {s -h 


1 - 9 a 

s t? 


5.10 



THE BACTERIOLOGY OF SWISS CHEESE 


727 


In this experiment the rapid acid production in the interior of cheese 
No. 3, especially during the first 3 hours, resulted in more extensive drain- 
age and in a higher scoring cheese than was obtained in cheeses Nos. 1 and 2. 
This 'would indicate that the basis for proper drainage is established during 
the first few hours after dipping. It is evident that 8. tlicrmophilus (0,), 
which is the active starter during this period, performs a significant role in 
the drainage of Swiss cheese (2). Furthermore, these results indicate that 
the proper combination of starters to use depends upon the activity of each 
starter. The more active the lactobacillus starter the greater is the need for 
ail active 8. therm ophil us starter to facilitate drainage from the interior of 
the cheese. 

A great difference in the rate of cooling between the interior and the 
outer 1-inch area causes a correspondingly great, difference in the rate of 
acid production and thus causes expulsion of a small proportion of the 
whey. In GO laboratory cheeses there were 1(5 cheeses in which the differ- 
ence in pH at 3 hours between the interior and the area 1 inch beneath the 
hoop edge was less than 0.30, with an average percentage of moisture in 21 
hours of 38.02; 21 cheeses with a difference in pH of 0.30 to 0.40, with an 
average percentage of moisture of 38.30; and 23 cheeses with a difference 
in pH of over 0.40, with an average percentage of moisture of 38 38. The 
drier cheeses had the higher average scores. 

In these (50 cheeses, determinations of moisture both in the interior and 
in the area 1 inch beneath the hoop edge were made at 21 hours. In 48 of 
the (50 cheeses, the percentage of moisture was greater just under the rind 
than in the interior. This tendency for moisture to collect just beneath the 
surface is a possible explanation for the occurrence of the defective whitish, 
grainy, and checked area that is often found just beneath tin* rind. 

ACIDITY AND BACTERIAL COCNTS OF CHEESE CLOTHS 

In connection with studies of acidity it was found that at dipping the 
pH of the whey on the top of the cheese and in contact with the dipping 
cloth w r as (5.32, while that of the whey obtained from within the cheese was 
(5.45. Orla-Jensen (11), in work referred to earlier in this paper, found 
that acidity in used cheese cloths materially increased the titration values 
of the whey as it flowed from the cheese boards. It w r as therefore con- 
sidered desirable to study 1 lie effect of the cloths upon bacterial activity in 
the cheese. 

In order to study the amounts of acid contained in dipping cloths, 2 
cloths were each soaked for 10 minutes in 1,500 cc. of sterile distilled water. 
The rinse-waters thus obtained, when titrated with phenolphthalein as an 
indicator, were found to contain 0.078 and 0.065 per cent acid, respectively. 

In order to determine wiiether the bacteria present in the cloths used 
on the cheese had any influence on the rate of acid development at the sur- 
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face of the cheese, two cloths were used on cheeses and then washed as 
usual ; one was dried in the usual manner after washing, and the other was 
thoroughly autoclaved before drying. On the following day these cloths 
were each soaked in 500 cc. of sterile distilled water for 10 minutes. All 
but a small amount of this water was absorbed by the cloths. In the re- 
maining water the counts of organisms per cc. were as follows: (1) from 
unsterilized cloth *. 1,000 yeasts, 10,000,000 streptococci, and 100,000 rods ; 
(2) from autoclaved cloth: 10 yeasts, 1,000 streptococci, and 10 rods. The 
unsterilized or regular cheese cloth contained large numbers of bacteria, 
particularly of the 8. thermophilus type, as compared with the low counts 
in the autoclaved cloth. These two cloths were used on two factory cheeses 
at the second turning. No difference was found in the rates of acid develop- 
ment at the surfaces of the two cheeses. 

DISCUSSION 

The temperature of Swiss cheese in the press has been found to decrease 
rapidly in the outer 1-inch area during the first 3 or 4 hours after dipping. 
The rate of cooling becomes less as the distance from the hoop edge toward 
the center becomes greater. After the fifth hour all parts of the cheese 
cool at a fairly uniform rate, the temperature reaching 36° to 46° C. in the 
interior of the cheese in 21 hours. The decrease in temperature is compara- 
tively large in small cheese and in those held at a low room temperature. 

The rapid cooling in the outer 1-inch area, as compared with that in the 
interior, results in a corresponding increase in bacterial growth and acid 
production near the surface. When the difference in pH at 3 hours be- 
tween the outer area and the interior is large, e.g., more than 0.30, the cheese 
tends to retain moisture and is therefore likely to show checking near the 
rind or a splitting of the curd known as * ‘ glass.’ ’ 

Experimental data presented herein show that acid production, as shown 
also in paper No. II of this series (7), and the extent of drainage in the 
interior of the cheese during the first 4 to 6 hours, are due largely to the 
growth of S. thermophilus. The lactobacilli do not start to grow in the 
interior of the cheese until 5 to 10 hours after dipping, when the tempera- 
ture conditions become favorable. L. bulgaricus (39aH and Ga) having a 
higher maximum growing temperature begins to grow in the interior of the 
cheese at about the fifth or sixth hour, but L. helveticus (39a) does not 
begin to grow until the ninth hour or later. 

In the outer 1-inch area, however, 8. thermophilus begins to grow soon 
after the cheese is placed in the press ; Ga and 39aH about an hour later ; 
and 39a about 3 hours after dipping. Consequently, there is a tendency 
for acid production to start quickly and proceed rapidly near the perifery. 
The increase in acidity hastens the expulsion of whey from the cheese parti- 
cles/causing them to cohere more closely and finally to mat together. As a 
result, the more rapidly acid is produced near the perifery, the sooner there 
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is formed a matting of the cheese particles, causing in a few hours the 
gradual formation of a layer about the cheese which, as time goes on, be- 
comes an almost impervious barrier through which whey can pass only very 
slowly. If, therefore, the lactobacilli are very active and 8. thermophilus 
weak or low in numbers, an excessive amount of whey is retained and it 
tends to collect near the rind. This causes the cheese to be wet and to 
“leak” in the press, resulting finally in the defects referred to above. 
When, therefore, an active Ga or 3 9 all starter is used, a particularly active 
S . thermophilus starter should be employed to hasten drainage from the 
interior of the cheese. The use of a lactobacillus starter such as 39a, which 
produces delayed activity in the cheese, requires the use of a 8. thermophi- 
lus starter which will produce prolonged activity so that the production of 
acid will be continued until the lactobacilli begin to grow. 

It has been pointed out (5) that 8. thermophilus probably always oc- 
curred naturally in the starter or has had its source either in the milk or 
cheese equipment or in the milk itself. Reports of investigators in Switzer- 
land show the presence of a streptococcus in the natural rennet from 
stomachs. Our observations, based on several direct isolations, have shown 
that 8. thermophilus is often present as a contamination of the lactobacillus 
cultures as handled in the cheese factories. Due to its relatively high ther- 
mal death point, 8. thermophilus withstands the usual washing and steril- 
izing of cheese equipment. The equipment is invariably heavily seeded 
with this organism, which may thus gain entrance into the cheese day after 
day. An examination of the fresh milk also shows the presence of this 
organism, especially if whey is returned to the farmers in milk cans. The 
contamination by 8. thermophilus from these sources may be so great that 
it may be necessary to add only a small amount of the streptococcus starter. 

The rate at which drainage occurs must also be given careful considera- 
tion. Slow biological activity in the interior results in slow drainage of 
whey from the cheese and provides conditions favorable for the growth of 
gas-forming bacteria, which if present in large numbers may cause the 
pressler defect, or an excessive amount of acid may be formed later in the 
press and as a result, in the early stages of ripening, normal eye-formation 
may be retarded and the cheese may be “blind” or the defects known as 
“glass” and rind-checking may occur. If acid production and drainage 
progress too rapidly during the early hours on the press (pH 5.75 or less 
at 3 hours), the further production of acid is likely to be deficient (pH 5.30 
or more at 21 hours) , and the cheese body is likely to be short and crumbly 
and the curd poorly knit, as pointed out in papers II (7) and III (8) of 
this series. Such a cheese tends to take on “set” too early and to become 
“overset,” and the eyes are likely to be “cabbagy” and irregular in shape. 
Koestler (9) has pointed out the harmful effects of too little and too much 
acidity in the press, from the standpoint of effects upon curd properties 
and upon the ripening and the final quality. Dorner (4) has concluded 
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that it is desirable to so regulate the use of starters as to provide a rate of 
acid production which is neither too rapid nor too slow, thereby promoting 
adequate drainage and improved quality of cheese. 

The drainage of Swiss cheese results in the Joss of other substances in 
addition to moisture. These substances undoubtedly include such readily 
available food for bacterial growth as lactose, soluble proteins and certain 
colloidal nitrogenous material. The amounts of these substances retained 
in the cheese undoubtedly depend in part on the rate and amount of drain- 
age. If drainage progresses too rapidly there is apt to be a deficiency of 
these food materials for the proper growth of the starter and eye-forming 
bacteria. At the same time other bacteria, due to their less fastidious 
natures, can grow and may cause abnormal eye-formation and the other 
defects referred to above. On the other hand, if drainage is retarded, 
larger amounts of these food materials are apt to be retained, causing loo 
great bacterial activity. In this case the excessive amount of acid formed 
is likely to retard eye-formation and influence the normal ripening process 
unfavorably. Additional work is needed to show what effect drainage has 
upon eye-formation and upon the final ripening of Swiss cheese. 

The proper use of starters will provide sufficient numbers of 8. fhrrmoph - 
ilus of the proper activity to reduce the pH in the interior to about 0 00 in 
3 hours, as shown in papers IT (7) and 111 (8) of this series, or a pH de- 
crease of 0.30 to 0.40 in that time, and will provide sufficient numbers of 
active lactobacilli to continue the decrease in pH at a fairly uniform rate 
so that, the pH may reach 5.00 to 5*15 at 21 hours. This 21 -hour pH read- 
ing may tend to be misleading the nearer it approaches 5.00 or slightly 
below, since' this is about the maximum acidity reached in Swiss cheese. 
In order to be certain of a uniform decline in pH, it is believed desirable 
either to make a pH reading in Ifi to 38 hours after dipping or to work 
toward a pH value of 5.10 to 5.15 at 21 hours. 

SUMMARY 

Temperature, pH, and bacterial counts were determined in Swiss cheese 
in the press at regular time intervals from dipping to 21 hours in samples 
taken at definite distances from the outer edge of the cheese. Results were 
obtained from studies of 55-pound laboratory cheeses and also from large 
factory cheeses. Moisture determinations were made on samples from the 
laboratory cheeses. The following conclusions were drawn from the results : 

1. The area just beneath the rind cools more rapidly than the interior. 

2. Bacterial growth and acid production correspond in general with the 
decrease in temperature of each part of the cheese. 

3. While all the starter bacteria begin to increase in numbers in the 
area 1 inch beneath the rind during the first few hours after dipping, the 
initiation of growth in the interior was shown to occur at the following 
intervals of time from dipping: 8. thermophilns (C 3 ), within 2 or 3 hours; 
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L. bulgaricm (Ga and 39aII) , after 5 or 6 hours; and L. helveticus (39a), 
after 9 or 10 hours. 

4. Essential functions of 8. therm ophilus in Swiss cheese in the press 
are the production of acid and the consequent facilitation of drainage from 
the interior of the cheese during the first 4 to (> hours after dipping. 

5. Large differences in pH between the interior and the area just be- 
neath the rind result in insufficient drainage and high moisture content, 
and may tend to cause such defects as checking near the rind or a splitting 
of the eurd known as ‘ 4 glass .’ 1 

(>. Bacterial content of cheese cloths was found not to influence the rate 
of acid production near the surface of the cheese. 

7. Samples from the interior of the cheese, in order to yield results 
representative of the interior of the cheese, should be obtained at points at 
least 3 or 4 inches from the hoop edge. 

8. A judicious use of starters promotes sufficient acid production 
throughout the cheese and thereby aids in uniform drainage. 
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COMBINATION OF CATALYSTS TO REDUCE DIGESTION 
TIME IN THE DETERMINATION OF NITROGEN 

II. Dairy Products 

CHARLES F. POE and It. R. SCHAFER 
Chemistry Department, University of Colorado, Boulder, Colorado 

INTRODUCTION AND HISTORICAL REVIEW 

The time required for the determination of nitrogen has been materially 
reduced since Kjeldahl (1) first proposed his original method. This reduc- 
tion has been made possible by introducing into the reaction mixture potas- 
sium sulphate and catalysts such as mercury and copper. Just recently, the 
use of selenium has been advocated as a catalyst. Although Lauro (2) was 
the first to investigate the use of selenium, this substance has been combined 
with other catalysts by several investigators (3 to 11 inc.) Of these workers, 
several (7, 8, 10) have found this element to reduce materially the amount 
of nitrogen obtained in the analysis. Sandstedt (11) also has found with 
selenium some loss of nitrogen on long heating. 

Nearly all of the investigations of the determination of nitrogen in which 
selenium has been used have been with cereal products. In this communica- 
tion, there are reported the results obtained when selenium is used with other 
catalysts in the determination of nitrogen in dairy pioducts. No experi- 
mental data are available on the efficiency of selenium when combined with 
copper, mercury, and strong hydrogen peroxide. 

METHODS AND EXPERIMENTAL DATA 

The method employed was the Gunning modification of the original 
Kjeldahl method, which is official with the Association of Official Agricul- 
tural Chemists (12). Given amounts of each dairy product were weighed 
or measured into ten digestion flasks. In case of cheese and milk powder, 
one gram was used. With the liquid products, the weight was determined 
by multiplying the cubic centimeters by the specific gravity. Five cc. of 
evaporated milk and ten cc. of fresh milk were used. After the dairy product 
had been added to the digestion flask, ten grams of nitrogen-free potassium 
sulphate and twenty cc. of concentrated sulphuric acid were added. The 
following catalysts or combination of catalysts were separately added to each 
of the nine digestion flasks, the tenth being used as a control without cata- 
lysts. 

(1) One cc. of thirty per cent hydrogen peroxide was added at the begin- 
ning of the heating process and then each five minutes during the digestion 
until the solution cleared. 

Received for publication May 10, 1935. 
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(2) Five-tenths gram of HgO. 

(3) Five-tenths gram of HgO with hydrogen peroxide added as in (1). 

(4) Two-tenths gram of selenium. 

(5) Two-tenths gram of selenium with hydrogen peroxide added as 
in (1). 

(6) One gram CuS0 4 • 5 ILO. 

(7) One gram CuS0 4 • 5 IL>0 with hydrogen peroxide added as in (1). 

(8) Three-tenths gram HgO, 0.1 gram selenium, and 0.5 gm. CuS0 4 ’ 
5 H 2 0. 

(9) The same catalysts as in (8) with hydrogen peroxide added as 
in (1). 

The contents of each flask were digested over electrically-heated plates, 
all units of which were of the same construction and gave the same amount 
of heat. Bach sample was heated until the liquid cleared. 

The records of the digestion times and the amount of proteins obtained 
are given for each dairy product in Tables 1, 2, 3, and 4. 

A study of the Tables shows that when strong hydrogen peroxide was 
used with CuS0 4 , HgO, and selenium separately, there w T as only a slight 
reduction in the digestion time over that obtained without the hydrogen 
peroxide. The accuracy of the protein determination was not affected. The 
combination of copper, mercury, and selenium materially reduced the time 
of digestion over that obtained when each catalyst was used separately. The 
addition of strong hydrogen peroxide to the mixture of these three catalysts 
still further reduced the time of digestion, but not enough to warrant the 
additional trouble and expense. 

In every case where CuS0 4 was used, either alone or with hydrogen 
peroxide, the results for protein seem to be slightly lower than those obtained 
with other catalysts. 

CONCLUSIONS 

1. Hydrogen peroxide when used with copper, mercury, and selenium 
(separately or in combination) reduces somewhat the digestion time and 
does not impair the accuracy of the determination. 

2. The combination of the three catalysts (Cu, Hg, and Se) showed a 
reduction in digestion time from 105 to 13 minutes (averages) when com- 
pared to that of the Gunning method. When hydrogen peroxide was used 
with these three catalysts, the reduction in time w^as from 105 to 10.7 minutes 
(averages). 
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THE RELATION OF MASTITIS TO RENNET COAGULABILITY 
AND CURD STRENGTH OF MILK* 

H. H. SOMMER and HELENE MATSEN 
Department of Dairy Industiy, University of Wisconsin 

INTRODUCTION 

Various estimates have been made as to the prevalence of mastitis among 
cows that furnish milk to our regular commercial outlets. As early as 1888 
Hess, Schaffer and Bondzynski (1) classed udder inflammations with 
diseases that most commonly afflict domestic animals. Miuett (2) in 1930, 
Seelemann (3) in 1932, and Rosell (4) in 1933 reviewed publications show- 
ing the prevalence of mastitis in various sections of the world ; citations 
showing from 15 to 40 per cent of the cows infected with mastitis are 
common, and in some cases the majority of cows were reported as afflicted. 
Seelemann points out. that the widespread prevalence of mastitis is usually 
unsuspected. Dairymen are likely to feel that in their respective com- 
munities the disease is much less common, but when surveys are made they 
usually show its prevalence to be in harmony with published results. 

While the exact estimates may differ, it is clearly evident that an 
appreciable portion of our regular commercial milk comes from cows afflicted 
with subclinical mastitis. Unquestionably many investigations of dairy 
problems in the past have been complicated by the inclusion of such unsus- 
pected abnormal milk. Fortunately such investigations still are typical 
of commercial conditions, but we should also understand dairy problems 
in relation to strictly normal milk so that we may anticipate the benefits 
or even new problems that may arise from the elimination of milk from 
mastitis udders. The present study was undertaken to determine the rela- 
tion of mastitis to the rennet coagulability and curd strength of milk. 

REVIEW OE LITERATURE 

In 1932 Monier and Sommer (5) in a paper before the American Dairy 
Science Association reported that two samples of milk which had been 
selected and studied as typical soft-curd milk were later found from the 
veterinarian’s record to have shown a history of mastitis during the time 
the samples were being studied. Further work then undertaken showed that 
while mastitis was not the sole cause of soft-curd milk, it did lower the 
curd strength. In 1933 Doan and Welch (6) confirmed this conclusion 
and attributed the lower curd strength of milk from infected udders mainly 
to the lower casein content of such milk. In 1934 Hansen, Theophilus, 

Received for publication June 15, 1935. 

* Published with the permission of the Dim- tor of the Wisconsin Agricultural Experi- 
ment Station. 
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Atkeson and Gildow (7) reported results to show that mastitis caused by 
streptococcic infection invariably lowered the curd strength, but that 
staphlococcic infections did not affect the curd strength appreciably. 

As early as 1888 Hess et al (1) emphasized the damaging effect of milk 
from infected udders on cheese making. Koestler (8) in 1921 noted the 
slower coagulation of such milk with rennin, and in 1926 Koestler et al. (9) 
reported a higher protein and fat loss in the whey and a more milky appear- 
ing whey in making cheese from such abnormal milk. Hill in 1932 (10) com- 
pared soft-curd and hard-curd milk in cheese making; he found a higher fat 
loss in the whey w r ith the soft-curd milk but there was no significant differ- 
ence in the casein content of the whey. The protein content of the soft-curd 
milk was 3.33 per cent as compared with 3.8 per cent in the hard-curd milk. 

PROCEDURE 

The milk samples used in this study were obtained from the cows in the 
University of Wisconsin Herd which had for some time been segregated into 
“streptococcus-free” and “ infected’ ’ groups on the basis of close veterinary 
supervision which involved udder inspection by manipulation, and on the 
basis of the following tests applied to the milk; strip cup test, chlorine 
content by direction titration, brom cresol purple test, catalase test, rennet 
test, plate colony count on blood agar. Where streptococci were found, 
tests were made to identify them further, and in all cases the organisms 
were found to belong to the alpha-group. These tests were in progress 
throughout this study, and diagnoses were being made entirely inde- 
pendent of it, with the aim of securing a herd that was strictly normal; 
the “infected” group, as a result, included some cows for which the diag- 
nosis was doubtful. All the cases of mastitis included were comparatively 
mild; the milk samples in all cases, even where quarter samples were studied, 
were normal in appearance to casual or untrained observers and in ordinary 
herd practice would in all probability have been included in the regular 
milk supply. 

The curd strength tests were made according to the Hill (11) procedure, 
modified as to the method of mixing the milk and coagulant, and as to the 
equipment used. Mixing was accomplished by discharging the previously 
tempered milk sample from a 1 00 cc. pipette with an unusually large delivery 
opening (water at 20° C., discharge time 4.4 sec.), into the jar that already 
contained the coagulant, giving the jar a rotary motion in the meanwhile and 
directing the stream towards the lower corner of the jar. The same curd 
knife was used for all tests, reversing the blades on the stem for a down- 
ward thrust. Using equipment as illustrated in Figure 1, the jar and its 
contents were placed on the scale platform and the movable dial adjusted 
to bring the “zero” reading under the indicator; with tKe curd knife in 
position directly over the coagulated milk, the air escape was then opened 
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Fig. 1 . Equipment used for the modified hill curd strength test. 


to permit the curd knife to descend at a constant rate as regulated by a 
needle valve control on the air escape. The resistance encountered by the 
knife in passing through the curd could then be read off the dial directly. 

The coagulation time with rennin was determined on 50 cc. of milk at 
30° C. with 1 cc. of a 1 to 50 dilution of commercial rennet extract added. 
Wide mouth bottles with a capacity of 135 cc. were used (inside dimensions; 
body-diameter 4.8 cm,, height 8 cm., neck-diameter 3 cm.). Equipment 
as illustrated in Figure 2 was used for tempering the samples, maintaining 
the temperature during the test and timing the coagulation. During the 
test the bottles rested on rollers at an angle of approximately 20 degrees 
from the horizontal and were immersed in the water up to the mouth. The 
rollers revolved to impart motion to the bottles at the rate of about 8 R.P.M. 
When the film of milk that clings to the inside surface of the inclined, 
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Fia. 2. Equipment used for determining the rennet coagulation time of milk. 

revolving bottle showed the first signs of graininess the test was terminated. 
With ten samples being timed simultaneously, the timing was accomplished 
conveniently by engaging and disengaging revolution counters at the start 
and end of the respective tests. 

EXPERIMENTAL RESULTS 

A number of curd strength tests were made on the milk from the indi- 
vidual cows in the normal and abnormal herds. Later the coagulation time 
with rennet was also determined. Table 1 gives a summary of the results. 
Samples on which both tests were run are averaged separately in Columns 
5, 6 and 7, but are also included in the number of tests and the average 
curd strengths as shown in Columns 3 and 4. There is little evidence of 
correlation between the curd strength and rennet coagulation time. 

The average curd tension of the milk from 31 normal cows ‘(388 tests in 
all) was found to be 48.56 grams, while the average for 15 infected cows 
(191 samples in all) was 39.17 grams. The normal herd contained no 
cows giving milk with an average curd strength below 30 grams, while the 
infected herd contained 5 cows giving milk with a curd strength of less 
than 30 grams. The average rennet coagulation time for the normal herd 
was 7.56 minutes as compared with 10.61 minutes for the infected herd. 

A number of the cows with infected udders were milked in such a 
manner as to keep the milk from the individual quarters separate. Pint' 
samples from each quarter were brought to the laboratory for curd strength 
and rennet coagulation time measurements. Table 2 presents a summary 
of the results. Values given in bold face type represent infected quarters, 
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Curd siren plh and rennet coagulation time of milk from normal and infected udders 




Cl'RD STRENGTH 

CURD STRENOTU & RENNET COAO. 

cow 

FREED 

No. of 

Tension 

No of 

Tension 

Conn tune 



touts 

£i ums 

tests 

KTH111H 

minutes 


(NORMAL UDDERS) 


Nell 

Holstein 

1 

48.00 

1 

48.00 

6.12 

Girl 

i < 

15 

46.40 

4 

39.75 

6.50 

Homestead 

< < 

10 

36.94 

4 

36.25 

12.43 

Reeky 

1 1 

6 

52.17 

Q 

49.00 

8.20 

Joan 

* 4 

15 

59.73 

4 

59.25 

6.85 

Tda 

< t 

16 

63.88 

4 

63.00 

6.38 

Rose 

i < 

16 

69 00 

4 

61.00 

4.94 

Jo 

< ( 

16 

50.38 

5 

50.00 

13.97 

Cordelia 

t < 

33 

59.31 

o 

45.50 

14.22 

“Pearl 

‘ * 

o 

33.67 

3 

33.67 

4.77 

Lassie 

Ayrshire 

16 

50.19 

3 

49.33 

12.15 

Quince 

< < 

16 

50.(59 

! 3 

53.67 

10.52 

Priscilla 

Ci uernscy 

0 

45.17 

1 5 

47.40 

7.51 

Faye 

‘ ‘ 

16 

53.6(5 

1 4 

49.50 

9.27 

Mabel 

i 4 

9 

37.22 

! 3 

28.33 

4.83 

(Mi um 

I 4 

9 

31.56 

! 1 

29.00 

(5.42 

Florence 

Drown Swiss 

7 

35.28 

1 



Fuseli ia 


6 

37.33 

i 3 

32.33 

5.59 

Meridian 

« i t ( 

8 

35.50 

! 4 

32.75 

7.03 

Fairmaid 

n a 

34 

53.50 

! 3 

57.00 

5.69 

Monona 

< » ( t 

36 

31.69 

3 

28.67 

5.08 

Fidelity 

u i ( 

15 

34.47 

3 

25.67 

6.44 

Fan 

it » < 

35 

34.33 

3 

37.33 

6.50 

Eminent 

Jeisey 

35 

41.13 | 

2 

48.00 

5.72 

Logas 

15 

54.07 ! 

3 

51.33 

7.54 

Safety Belle 

‘ ‘ 

11 

58.18 ; 

3 

58.67 

5.89 

Nita 


17 

72.12 j 

5 

68.00 

6.42 

Lotus 


17 

61.94 j: 

o 

63.00 

5.75 

Lena 

t < 

16 

66.8 L 

o 

57.50 

8.29 

Nina 

4 4 

17 

70.47 

3 

(59.33 

7.67 

Fawn 

4 4 

10 

30.70 

3 

32.00 

7.59 


Average 

(388) 

48.56 

(94) 

4(5.81 

7.56 


(INFECTED UDDERS) 


Aliec 

Holstein 

15 

27.47 

5 

30.20 

22.36 

Anita 

4 < 

14 

52.78 

4 

47.50 

8.90 

Ruth 

< < 

8 

39.38 

1 

36.00 

6.73 

Tnka 

i i 

13 

33.07 

4 

39.50 

14.88 

Champion 

t ( 

12 

20.42 

o 

18.00 

17.07 

Pontiac 

t < 

11 

26.27 

o 

22.50 

5.99 

Allee 

( ( 

17 

26.94 

5 

26.40 

13.22 

Lila 

Ayrshire 

7 

38.29 

4 

36.75 

7.63 

N. Sally 

Guernsey 

17 

48.59 

5 

47.00 

7.98 

C. Sally 

* t 

13 

38.00 

1 

32.00 

4.71 

Myrtle 

1 1 

14 

54.86 

3 

56.33 

10.64 

Faith 

Brown Swiss 

15 

26.07 

4 

25.75 

13.38 

Nanette 

J ersey 

17 

73.53 

5 

70.40 

6.48 

Lee Mum 

Brown Swiss 

17 

41.88 

5 

39.79 

10.92 

M-85 

Holstein 

1 

40.00 

1 

40.00 

8.26 

Average 

(191) 

39.17 

(51) 

37.87 

10.61 



Curd strength and rennet coagulation time of milk from individual quarters of infected udders 
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the diagnosis having been made independent of this work as already ex- 
plained. The average curd strength of the milk from normal quarters was 
45.35 grams as compared with 23.65 grams for the milk from infected 
quarters. The rennet coagulation time was 9.70 minutes for the milk from 
normal quarters as compared with 43.79 minutes for the infected quarters. 
The most notable exception from these average indications is presented by 
the milk from C. Sally; one of the abnormal quarter samples showed a 
significantly higher curd strength than the normal quarters, and both 
abnormal quarters showed a decidedly more rapid coagulation with rennet. 
These results are partly explained by the pH as determined by the quinhy- 
drone electrode. Evidently this cow had an infection which caused the 
milk to be more acid than normal. This was further confirmed by consult- 
ing the records of the veterinarian for January 9th (before this study was 
started) which showed the following pH values as determined eolorimetri- 
cally : RF 6.8, RR 5.8, LR 6.7, LF 5.7. 

Table 3 gives the results of a similar study of milk samples from indi- 
vidual quarters of cows which had been independently diagnosed as normal. 
While there are some variations in the curd strength and rennet coagulation 
of the milks from the four quarters of the same udder, in general these 
values were far more constant than those obtained with cows having one 
or more infected quarters as in Table 2. It is interesting to note that the 
average values obtained for normal cows when the milks were studied by 
individual quarters agreed quite closely with the average values obtained 
for normal cows (Table 1) when the entire milking was sampled. 

conclusion 

Subelinical mastitis causes the milk to have a lower curd strength and 
to coagulate more slowly with rennet. This result was obtained both when 
entire milkings from normal and infected udders were compared as in 
Table 1, and when samples from infected quarters w T ere compared with the 
milk from uninfected quarters of the same udder. This conclusion is further 
corroborated by the relatively greater constancy in the curd strength and 
rennet coagulation of milk from the four quarters of uninfected udders. 

Acknowledgment is gratefully made of the cooperation by Professor 
F. B. Hadley and Professor E. G. Hastings in making their diagnoses and 
records available to us. 
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THE STANDARDIZATION OF THE BORDEN BODY FLOW 
METER FOR DETERMINING THE APPARENT 
VISCOSITY OF CREAM 

J. C. HENING 

New York Agricultural Experiment Station, Geneva, N. Y. 

INTRODUCTION 

It is a well known fact, that, in spite of constancy of method of cream 
handling and processing, there is considerable daily and seasonal variation 
in its viscosity. Due to demand from production men of milk plants for a 
simple method of estimating cream body, a small simple efflux instrument 
was developed by Nair and Mook (1). A detailed description and illustra- 
tions of the Borden Body Flow Meter is given by them. 

Since the Borden Body Flow Meter is coming into use in milk plants for 
determining the apparent viscosity of cream, it seemed desirable to compare 
the results obtained with it with results obtained by using a standard in- 
strument such as the MacMicbael viscometer. Although the MacMicliael 
viscometer does not give true viscosity for mixtures of colloids and an 
emulsoid as found in milk and cream, it does give more accurate results 
than flow types of instruments with changing head pressure. 

EXPERIMENTAL 

Solutions of sucrose ranging from 20 to 65 per cent were prepared with 
commercial cane sugar and distilled water. The percentage of sugar in the 
solutions was determined with saccharometers. 

The. viscosities of these sucrose solutions were determined in duplicate 
by the use of the MacMicliael viscometer and the Borden Body Flow Meter. 
The operation of the MacMicliael viscometer was in accordance with the 
recommendations in Eimer and Amend ’s Bulletin No. 280 using a number 
30 wire calibrated with oils of known viscosity. The measurements with 
the MacMicliael viscometer were taken after the oscillation of the bob 
became approximately constant. The operation of the Borden Body Flow 
Meter was in accordance with the recommendations of Nair and Mook (1). 
They also recommended the use of two interchangeable tips; one of 2.78 mm. 
diameter for cream containing 30 per cent of fat or more and one of approxi- 
mately 1.97 mm. for thinner creams. Arbitrary temperatures for com- 
mercial purposes of 15.6° C. (60° F.) for heavy creams and 10° C. (50° F.) 
for light creams were chosen by them. The 2.78 mm. tip was used for all 
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the work reported in this article. The viscosity determinations of the 
sucrose solutions were made at 20° C. (68° F.) and those of the cream were 
made at 15.6° C. (60° F.). The samples were tempered in a water bath in 
a room held at the temperature at which the determinations were made. 
Water in the bath of the MacMichael viscometer was also held at the tem- 
perature of the determination. 

Viscosity determinations were made on two complete series of sucrose 
solutions. The results secured by the MacMichael viscometer and Borden 
Body Flow Meter are given in table 1 and the viscosities in eentipoises as 


TABLE 1 

Viscosity of sucrose solutions as determined by the MacMichael viscometer and 
Borden Body Flow Meter at 20° C. (68° F.) 


SUCROSE 

SOLUTIONS 

VISCOSITY WITH 

M AC W ICHAKL VISCOMETER 

VISCOSITY WITH 
BORDEN PLOW METER 

pet cent 

eentipoises 

First scries of sucrose solutions 

seconds 

21.1 

3.0 

28.0 

39.5 

7.0 

40.0 

W* 

20.0 

87.0 

X* 

31.0 

119.5 

614 

73.5 

279.0 

63.5 

109.0 

412.0 

64.4 

128.8 

492.6 


Second scries of sucrose solutions 

20.5 

3.0 

28.0 

41.0 

7.5 

41.0 

50.3 

16.2 

69.5 

59.5 

52.0 

201.5 

63.0 

95.0 

353.5 

64.5 

129.5 

488.0 

65.0 

168.0 

624.5 


* The percentage of sugar was not determined. 


determined by the MacMichael viscometer are plotted against the seconds 
as determined by the Borden Body Flow Meter in Figure 1. Figure 1 gives 
a straight line relationship passing through zero which shows that the 
Borden Body Flow Meter gave correct results throughout the entire range 
for a true solution. The points indicating the seconds flow for the less 
viscous sucrose solutions are slightly below the line probably because the 
bore of the tip was too large to give accurate results with such solutions. 
The Borden Body Flow Meter, as previously mentioned, has a tip with a' 
smaller bore to use with thinner liquids, but the results are only slightly 
in error with the large bore. 
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Fnj. ]. Tlio relationship of the apparent viscosity of sucrose solutions in centipoiscs 
and in seconds as determined by the MacMichael viscometer and Borden Body Flow 
Meter at 20 ° C. (68° F.). 

The apparent viscosities of erearns were determined with the MacMichael 
viscometer and Borden Body Flow Meter. The pasteurized milk from the 
station Jersey herd was separated at 61° 0. (142° F.) and then the cream 
was heated to 74° C. (165° F.) and held for 10 minutes before cooling to 
10° C. (50° F.) to reduce variations in viscosities due to fat elumping. This 
cream was standardized to the range of 30.0 to 52.5 per cent of fat, held for 
20 hours at 4° C. (39.2° F.), then placed in J-pint bottles and tempered 
in a water bath to 15.6° C. (60° F.). All of the creams were held at this 
temperature during the time required for making the determinations. 
Tests were made at 2-hour intervals on duplicates of one of the samples 
to note any change in viscosity due to the holding period. The change in 
viscosity of the sample appeared to be within experimental error. 

The averages of the results of 3 different lots of 30.0, 35.0, and 40.0 
per cent cream, 2 different lots of 43.3, 45.0, 47.5, and 50.0 per cent cream, 
and from 1 lot of 42.0 and 52.5 per cent cream are given in Table 2. The 


754 


J. C. HENING 


TABLE 2 

Viscosity of cream ranging from SO JO to 58.5 per cent fat as determined by the Mao - 
Michael viscometer and Borden Body Flow Meter at 15.6° C. (60° F .) 


AVERAGED 
NO. TRIALS 

CREAM 

VISCOSITY WITS MAC 
MICHAEL VISCOMETER 

VISCOSITY WITH 

BORDEN PLOW METER 


per cent fat 

centipoises 

Seconds 

Centipoises* 

3 

30.0 

12.4 

53.0 

13.5 

3 

35.0 

1G.7 

71.5 

18.0 

3 

40.0 

25.2 

106.5 

27.5 

1 

42.0 

32.0 

336.0 

35.0 

2 

43.3 

34.5 

152.5 

40.0 

2 

45.0 

38.8 

179.7 

47.0 

2 

47.5 

51.0 

252.0 

66.5 

2 

50.0 

74.0 

422.0 

312.0 

1 

52.5 

102.5 

I 

536.0 

142.5 


* Seconds converted to centipoises by use of Fig. 1 based upon sucrose solutions. 


viscosities in seconds of these creams obtained by the Borden Body Flow 
Meter were transposed to centipoises by means of Fig. 1 based upon 
standardization of the instrument with sucrose solutions. As can be seen 
from Table 2, the seconds of flow obtained by the Borden Body Flow Meter 
when converted to centipoises gave nearly the same results as the viscosity 
in centipoises as determined by the MacMichael viscometer for creams 
testing from 30.0 to 40 to 42 per cent fat. For creams of higher fat con- 
tent there is a marked divergence in the viscosity in centipoises as deter- 
mined by the Borden Body Flow Meter as compared with the MacMichael 
viscometer and this divergence increases with each succeeding increase in 
fat content. The Borden Flow Meter gave too high results which indicated 
that the results secured on sucrose solutions ought not be transposed to 
cream. 

The relationship of the apparent viscosities of the cream in centipoises, 
omitting the 52 per cent cream, as determined by the MacMichael viscosi- 
meter and the seconds as determined by the Borden Body Flow Meter are 
shown in Fig. 2. The results in seconds obtained with the Borden Body 
Flow Meter with cream show practically a straight line relationship with 
the results obtained with the MacMichael up to 25 centipoises, but there- 
after the relationship is shown by a curved line. 

A comparison of the two instruments was made on another series of 
creams ranging from 30 to 46 per cent milk fat which was separated from 
milk pasteurized in the usual way and not heated subsequently to a higher 
temperature. In this case some of the 35.0 and 40.5 per cent cream was 
treated by the method of Hening and Dahlberg (2) for the purpose of 
increasing its viscosity. The difference in viscosity due to this treatment 
was readily detected even at 15.6° C. (60° F.). Nair also reports from 
unpublished tests that differences in viscosity between heat-treated and non- 
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Fig. 2. The relationship of the apparent viscosity of creams in centipoises and 
in seconds as determined by the MacMiehael viscometer and Borden Body Flow Meter 
at 15.6° C. (60° F.). 

heat-treated creams are still demonstrable at a temperature of 15.6° C. 
(60° F.) using the flow meter. The results obtained with this series of 
cream were similar to those of the preceding series except that the vis- 
cosities of these creams were a little higher because the cream had not been 
heated to such a high temperature as in the previous tests. The results 
of these tests are given in Table 3. 

As can be seen from Figures ] and 2 and Tables 2 and 3, if the cream 
viscosity in seconds for 30, 35, and 40 per cent creams with the Borden 
Body Flow Meter was transposed to centipoises by means of Figure 1 based 
upon sucrose solutions, the reading would be 1 to 3 centipoises higher 
than that determined by the MacMiehael viscometer. For creams of higher 
fat content from 42 to 50 per cent fat the difference would range from 3 
to 38 centipoises too high. The difference in the determination with this 
instrument rapidly increases for creams having fat contents above 42 per 
cent* However, the flow in seconds of cream with the Bordon Body Flow 
Meter can be transposed to centipoises by the use of Figure 2 based upon 
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TABLE 3 

Viscosity of cream ranging from 30 to 46 per cent fat as determined by the MacMichael 
viscometer and Borden Body Flow Meter at 15.6 ° C. ( 60 ° F .) 


CREAM 

VISCOSITY WITH 

VISCOSITY WITH 

MAC MICHAEL VISCOMETER 

BORDEN FLOW METER 

per cent fat 

centipoises 

seconds 

ccntipoises* 

30.0 

13.0 

52.0 

13.5 

35.0 

18 0 

74.5 

19.0 

35.0 treated 

22 0 

87.5 

22.5 

40.5 

30.0 

126.0 

33.0 

40.5 treated 

46.5 

215.0 

56.8 

46.0 

60 5 

303.0 

80.5 


* Seconds converted to ccntipoises by the use of Fig. ] based upon sucrose solutions. 

results secured with cream. It should be possible by the use of Figure 2 
based upon the standardization of the Flow Meter with cream to transpose 
the viscosity of cream in seconds to ccntipoises, the standard unit for ex- 
pressing viscosity. In fact, if the seconds obtained with the Borden Body 
Flow Meter for the series of cream in Table 3 are converted to ccntipoises 
from Figure 2, the results check very close with those obtained with the 
MacMichael viscometer. 


DISCUSSION' AND CONCLUSIONS 

In these experiments it has been shown that the Borden Body Flow 
Meter gave consistent results on the same and on different samples of cream. 
The accuracy of the apparatus was equally good on creams containing 
from 20 to 40 per cent of fat using only the large-bore tip of 2.78 mm. 
diameter. The same tip and temperature appeared satisfactory for the 
range of fat contents of market creams. 

Standardization of the Borden Body Flow Meter was readily accom- 
plished with sugar solutions and the seconds of flow -showed a straight line 
relationship to the viscosity in centipoises. These results applied to the 
apparent viscosities of creams only up to 25 centipoises (about 100 seconds) 
which is the approximate viscosity of 35 to 40 per cent cream at 15.6° C. 
(60° F.). For creams of higher viscosity the Borden Body Flow Meter 
consistently gave results which were too high. However, results on very 
viscous creams may be transposed to approximate centipoises by the stand- 
ardization data secured on cream, thereby making it possible for those using 
this Flow Meter to compare their results quite accurately with data reported 
in centipoises. 
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THE AGE THICKENING OF SWEETENED CONDENSED MILK 
I. SEASONAL VARIATIONS* 

V. C. STEBNITZ and 11. H. SOMMER 
Dcpattnient of Dairy Industry, University <•/ Wisconsin 

Manufacturers of sweetened condensed milk have frequently found that 
during storage their product would undergo a thickening to the extent that 
it no longer remained a syrupy liquid but had the consistency of a custard. 
In some eases the thickening may have been due to the growth of certain 
types of bacteria which represented a spoilage of the product, while in oilier 
eases the thickening w r as due to physical or chemical changes which took 
place on aging but which was not accompanied by any spoilage of the prod- 
uct. Bacterial thickening may be* prevented by having the sucrose concen- 
tration high enough to inhibit the growth of bacteria. Colloidal or age 
thickening has been found to be most prevalent during the late spring and 
early summer. Even though age thickening is not accompanied by the 
spoilage of the product, such a heavy body is objectionable from the stand- 
point of the consumer. The factors involved in this type of thickening 
have not been well understood and manufacturers of this product have 
refrained from canning the milk for retail trade during the period of the 
year when the milk was unstable. 

REVIEW OF TIIE LITERATURE 

Effect of Storage Temperature: — Rogers, Deysher and Evans (1) found 
that sweetened condensed milk thickened more rapidly at high storage tem- 
peratures, but that the increase in viscosity was not in direct relation to 
the temperature. They reported no increase in viscosity when the milk 
was stored at 10° C. (50° F.) for 121 days, a slight increase at 20° 0. 
(68° F.), and a marked increase in viscosity at 30° C. (86° F.) and higher. 

Miyawaki (2) states, “In general, it may be said that about three weeks 
of incubation corresponds to about six months of aging under natural con- 
ditions. 1 ’ However, he does not state the temperature of incubation. 

Leighton and Mudge (3) determined the length of time for thickening 
to begin in condensed milk stored at various temperatures and concluded 
that the reaction at the higher and lower temperatures was identical. These 
investigators have also shown that the heat coagulation of the casein of milk 
is an endothermic reaction and that the heat absorption comes from the 
precipitation of calcium and magnesium as phosphates and citrates. The 
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heat absorption obtained with condensed milk was greater than that obtained 
from a serum made up according to the formula of Van Slyke and Bosworth. 
If enough extra calcium was added to make up for the amount combined 
with the protein the heat absorption of the serum was commensurate with 
that obtained with condensed milk. 

Effect of Forewarming Temperature : — Hunziker (4) found that fore- 
warning temperatures up to 167° F. had a slight tendency toward stabiliz- 
ing the milk over the unforewarmed milk. From 167° F. to boiling the 
effect was to unstabilize the milk, while temperatures above boiling increased 
the stability and diminished the tendency to thicken. He recommends that 
the forewarming temperature be limited to 167-170° F. for 10 minutes in 
order to control the thickening. 

Leighton and Deysher (5) found that a forewarming temperature of 
65° C. (149° F.) slightly stabilized the product as compared to that made 
from unforewarmed milk ; at 75° C. (167° F.) there was also a slight stabiliz- 
ing effect; at 85° C. (185° F.) a decrease in stability set in, which was very 
marked at 95° C. (203° F.) ; and increased stability followed upon fore- 
warming at 110 and 120° C. (231 and 248° F.). 

Rogers, Deysher and Evans (1) have shown that milk forewarmed at 
80° C. (176° F.) thickened much more rapidly than milk forewarmed at 
60° C. (140° F.). They reported that satisfactory results may be obtained 
by forewarming to about 63° C. (145.4° F.) for 20 to 30 minutes. This 
temperature reduced the tendency of the milk to thicken during storage 
but there was danger of fat separation. 

Sommer (6) reported that high fore warming temperatures in the case 
of evaporated milk tended to stabilize the product when subsequently sub- 
jected to sterilizing temperatures. Leighton and Deysher (5) and Leighton 
and Mudge (3) have shown that when stability was plotted against fore- 
warning temperature the curve obtained for sweetened condensed milk was 
the reverse of the curve obtained for evaporated milk. 

According to Leighton and Mudge (3), continued forewarming at 95° C. 
resulted in a stabilization of the product, but the effect was not as marked 
as in the highly forewarmed product. However, their stability figures 
were not consistent with their observations on the viscosity. 

Leighton and Deysher (5) concluded that the temperature of fore warm- 
ing was the major factor in determining the resistance to heat of both 
evaporated and condensed milk and that the time of forewarning was not 
so important but could not be neglected. 

Effect of Air : — Experiments by Rogers, Deysher and Evans (1) in 
which samples of sweetened condensed milk were stored in evacuated bulbs, 
showed that air was not a factor in the age thickening of the milk. 

Effect of Homogenization: — Rogers, Deysher and Evans (1) showed that 
while homogenization of sweetened condensed milk had the effect of increas- 
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ing the initial viscosity it was without appreciable effect on the progressive 
increase in viscosity. 

Effect of Reaction: — Rogers, Deysher and Evans (1) reported that varia- 
tions in the acidity within reasonable limits had no appreciable effect on the 
viscosity of sweetened condensed milk. Batches of milk in which they ad- 
justed the acidity before condensing from pH 6.51 to 6.30, 6.41 and 6.63 
showed no real difference in viscosity upon aging. However, in one experi- 
ment in which the reaction had been materially changed the milk thickened 
in the pan. In the above experiments the skimmilk was forewarmod at 
63° C. (145.4° F.) and the samples showed practically no increase in vis- 
cosity at the end of 30 days' storage at 30° C. (86° F.). Hunziker (4) 
is of the opinion that had they used a higher forewarming temperature the 
samples with the higher acidities would have probably shown a decrease in 
stability toward age thickening. 

Leighton and Miulgc (3) found that the pH of the artificial serum of 
Van Slyke and Bos worth changed from pH 6.59 to approximately 6.25 upon 
precipitation produced by heating, but there was no change in the reaction 
of sweetened condensed milk upon thickening. 

Effect of the Sucrose: — Rogers, Deysher and Evans (1) found that the 
cane sugar concentration had only a minor influence on the initial viscosity 
and probably none at all on the progressive increase in viscosity. In these 
experiments on the effect of sugar concentration a forewarming temperature 
of only 48° C. (118.4° F.) was used and Hunziker (4) points out that had 
they used a forewarming temperature high enough to encourage colloidal 
thickening that probably the sucrose concentration would have had an influ- 
ence on the subsequent thickening. 

Hunziker (4) has found that increasing the amount of sugar tended to 
minimize the thickening tendency, even in the milk made in early summer. 
He suggests that probably the higher concentration of sucrose may physi- 
cally hinder hydration and swelling. 

Leighton and Deysher (5) found that sugar exerted its influence on the 
stability in the forewarming process, in the evaporating process and in the 
coagulating process. Jts effect was to unstabilize the 95° C. fore warmed 
product and to stabilize the 120° C. material. Based upon the findings of 
Leighton and Mudge (3) that the heat absorption incident to coagulation 
comes from the precipitation of calcium and magnesium, Leighton and 
Deysher (5) believe that the sugar effect has its action upon the metallic 
salts of milk since cane sugar can react with calcium and since some calcium 
and magnesium salts dissolve in sugar solutions. 

Leighton and Mudge (3) are of the opinion that the sugar accelerates 
the removal of the calcium from an active state under the conditions of pro- 
longed forewarming. 

Ramsey, Tracy and Ruehe (7) found that where dextrose was used to 
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replace part of the sucrose in sweetened condensed milk that the physical 
thickening was greatly accelerated, but which could be prevented by adding 
the corn sugar as a concentrated solution near the end of the run instead of 
adding it to the milk before forewarming. 

Effect of Fat: — Miyawaki (8) has shown that condensed milk made from 
fat-poor milk does not in general remain syrupy long, but tends to become 
pasty. He recommends that the raw milk should contain at least 3 per 
cent fat. 

Effect of Casein and Albumin: — Rogers, Deysher and Evans (1) found 
that the casein and albumin were the milk constituents directly responsible 
for age thickening, and that casein had, by far, the greatest influence. 
Albumin became a factor in the thickening only when fore warming tem- 
peratures above its coagulation point were used. 

Effect of Concentration of Milk Solids: — Rogers, Deysher and Evans (1) 
have shown that increasing the concentration of the milk solids increased 
the tendency of the sweetened condensed milk to thicken. The tendency 
to thicken was not in direct proportion to the concentration of the solids but 
increased more rapidly at a concentration of 26 to 28 per cent than at lower 
concentrations. 

Effect of Salts: — Rogers, Deysher and Evans (1) found no appreciable 
effect on the viscosity by adding 2.8 grams of calcium citrate to 3,300 grams of 
skimmilk when the finished product was held at 30° C. (86° F.) for 58 days. 
With the addition of enough monpbasic phosphate to increase the total phos- 
phates of the milk 5 per cent there was no significant difference in the vis- 
cosity authough it was somewhat more viscous than the control batch. The 
addition of phosphates in amounts to raise the total phosphates by 7 to 11 
per cent caused a decided increase in the thickening tendency in 23 days, 
and much more so in 44 days. These investigators also found that the addi- 
tion of copper salts failed to show any increase in viscosity over the control. 

Effect of Vacuum Pan Temperature: — Ilunziker (4) found that finish- 
ing the batch at a relatively high temperature (150° F. or above) yielded 
a product with higher initial viscosity and thickening tendency than finish- 
ing at relatively low temperatures (120 to 130° F.) . 

Miyawaki (2) recommends keeping a vacuum above 26 inches on the pan 
in order to secure a good keeping quality milk. 

Effect of Season of the Year: — As is well known by manufacturers of 
sweetened condensed milk, and as pointed out by Hunziker (2), the greatest 
difficulty with rapid thickening occurs during the late spring and early 
summer. 

Sommer (6) has pointed out that the troublesome heat coagulation in 
the case of evaporated milk is most prevalent during the fall, winter, and 
early spring. 



AGE THICKENING OF SWEETENED CONDENSED MILK 


761 


EXPERIMENTAL METHODS 

The Vacuum Pan : — The various batches of sweetened condensed milk 
used in these experiments were made in an experimental pan devised to 
approximate commercial conditions as nearly as possible and at the same 
time permit accurate control as well as the use of a small amount of milk for 
a trial. The pan is shown in figure 1. Condensing was done in balloon 



Fig. 1. Experimental vacuum pan 


flasks of 12 liters capacity, the heat being applied by means of live steam 
in a copper- jacket surrounding the lower one-third of the flask. The 
vacuum was maintained with a motor-driven vacuum pump, attached, 
through a suction flask, to a copper coil condenser submerged in a tank of 
running water. The condenser was attached to the condensing flask with 
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a rubber stopper which also served to hold a thermometer and a glass stop- 
cock used to regulate the flow of milk into the flask. Two such units were 
made into one piece of apparatus so that a control batch could be run at the 
same time as a variable factor was being tried on the other batch. The 
apparatus was also provided with a vacuum gauge. With this arrangement 
it was possible to control accurately the temperature and vacuum in both 
flasks. 

Milk : — Except in the experiments with the milk of individual cows, 
mixed milk from the University Creamery was used. About 8 pounds of 
milk were required for a batch and were standardized to give 3.4 pounds 
of the finished product containing approximately 8 per cent fat, 20 per cent 
milk solids not fat, and 44.1 per cent sucrose. 

Forewarming : — The forewarming was done in five-gallon 4 ‘shot gun M 
cans placed in a water bath heated with steam. In some case* where a high 
forewarming temperature was desired the steam was introduced directly 
into the milk. Unless otherwise stated, the sugar was added to the milk 
before .heating was commenced and the milk was forewarned to 88° C. 
(190.4° F.) for a period of 10 minutes before drawing it into the pan. 

Condensing : — The vacuum was regulated so that condensing was done 
at a temperature of 55° C. (131° F.). In finishing the batch the vacuum 
was increased, thus decreasing the temperature of the milk so as to avoid 
any possibility of superheating. It required about 2^ hours to complete 
the evaporation. After the condensing was judged complete the flasks were 
disconnected and weighed on a sales counter scale and distilled water added 
to make up the contents to the desired weight. After a little experience it 
was possible to judge the end point so that it was seldom necessary to add 
more than a small amount of water. 

Storage of the Condensed Milk : — In some of the first experiments the 
milk was stored in tin cans and in one-half pint milk bottles sealed with 
paraffin. In the later trials, when a different method of measuring the 
viscosity was adopted, the milk was put up in rubber-stoppered 50 x 400 mm. 
test tubes. Storage was made at 37° C. (98.6° F.) in order to hasten 
thickening. 

Viscosity Measurements : — In the early trials the viscosity of the con- 
densed milk was measured 'with the MacMichael viscometer using a number 
30 wire, but for various reasons this instrument was not suited to this work. 
The use of this instrument necessitated the removal of the milk from the 
container and stirring. Stirring the sample decreased the viscosity which 
made it difficult to stir all samples alike. An attempt was made to obtain 
the 1 ‘ basic’ ’ viscosity by first forcing the milk through a capillary tube, 
but this was found to be impractical because the milk began to thicken again 
as soon as it left the tube. However, what was really desired was not the 
* ‘basic* ’ viscosity of the milk but its consistency as the consumer would 
find it upon opening the container. 
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These objections to the use of the MacMicliael viscometer were elimi- 
nated by the falling-sphere method of measuring viscosity, using a vacuum 
tube arrangement to detect when a steel ball passed through two coils of 
wire placed 22.7 cm. apart. When a viscosity measurement was to be made 
the tube of milk was inserted through the coils, a steel ball dropped in the 
top, and its fall timed with a stop-watch while it fell the 22.7 cm. The 
apparatus was designed to show a deflection on a galvanometer needle when 
a steel ball passed through the coils, causing a change in the amplitude of 
oscillations in the oscillating circuit. After making a measurement the 
steel ball was allowed to remain in the tube until the milk was discarded. 
This method was very rapid and had the advantage of permitting a viscosity 
measurement to be made with the minimum of disturbance to the milk. 
A diagram of the apparatus, including a list of the various parts is shown 
in figure 2. 



L a> L 2 — 10 turns each of No. 16 or No. 18 double cotton covered enameled wire. 

Oh. — 1000 turns of No. 38 enameled wire or K.F. choke for 3000 kilocycles. 

C, — 0.0005 microfarad mica condenser. Select one having less than 0.01 milli- 
ampere leakage. 

C a , C4 — 0.5 microfarad paper condensers. 

C> — 0.01 microfarad paper condenser. 

M.A. — 0 to 1.0 milliampere meter. 

P — 10,000 ohm, wire wound only, potentiometer of good quality. 

K — 2.0 ohm rheostat, wire wound only. 

T — 110 volt A.O. transformer with 2.5 volts output. 

Screen grid vacuum tube, type 235. 

PI. — Plate. 

S.G. — Screen grid. 

G.— Grid. 

K. — Cathode. 

P. — Filament. 

Viscosity measurements were made at 37° C. (98.6° F.), the temperature 
of storage, and the results calculated to absolute units according to Stokes’ 
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formula. Steel balls of three different diameters were used, namely : 0.6345, 
0.9520 and 1.2695 centimeters. Where the viscosity of the samples was so 
great that it required more than 2 minutes for a steel ball with a diameter 
of 1.2695 cm. to fall 22.7 cm. through the milk it was reported as being 
too viscous to measure. When the viscosity was high there was a tendency 
for the steel ball to slide to the side of the tube rather than to fall straight 
down. 

1 . SEASONAL VARIATIONS 

The prevention of fat separation in sweetened condensed milk depends 
upon having the viscosity of the milk great enough to prevent the rise of 
the fat globules. Normal sweetened condensed milk has a viscosity of about 
6 to 8 poises at 37° C. (98.6° F.) shortly after it is dropped from the 
pan, but a further increase in viscosity during storage is desirable because 
this initial viscosity is not great enough to prevent fat separation, especially 
if the milk is held in storage for any great length of time. 

Normal sweetened condensed milk will show a gradual increase in vis- 
vosity during storage, the rapidity of the thickening depending upon the 
temperature at which it is held. However, there is a certain period during 
the year when the milk has the tendency to thicken abnormally fast, 
especially at room temperature or higher. During this unstable period 
it is not uncommon to have a sample thicken so rapidly that at the end 
of 24 hours’ storage at 37° C. (98.6° F.) the container may be inverted 
without loosing its contents. 

This unstable period is usually referred to as occurring during the 
late spring and early summer, especially during May and June. The cause 
of the unstability during this season of the year is not definitely know r n, 
but is no doubt due to some change in the composition of the milk at this 
time. This being the case we should expect the date of change from stable 
to unstable milk to vary with the community and from year to year. 

The milk used in these trials was taken from the raw milk storage tank 
of the University Creamery and consisted of the mixed milk from several 
farms. This milk w r as fairly representative of the milk from the area of 
Madison, Wisconsin. 

In the spring of 1932 the batch made on April 23 thickened in a normal 
manner during storage, while that made on April 24 and the subsequent 
batches thickened abnormally fast. After May 20 no condensing was done 
until June 24 when the milk was relatively more stable than it was during 
May and the latter part of April. These results are shown in Table 1. 

In 1933 condensing was not begun until April 15 and the milk was 
already unstable at that date as shown in Table 2. The last batch was 
condensed on May 27 and the milk was still unstable. 

Table 3 shows the progressive increase in viscosity during storage of 
six batches of sweetened condensed milk made during a period extending 
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Storage temperature 37° C. (98.6° F.). 

Forewarming temperature 88 D C. (190° F.) for 10 minutes. 
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TABLE 2 

Seasonal change m stability during spring 1933 


DAYS | 

APRIL 15 | 

APRIL 22 

APRIL 29 | 

MAY 4 

| MAY 15 

| MAY 25 | 

| MAY 27 




Viscosity in Poises 



0 

30.1 

41.0 

34.8 

18.6 

22.3 

38.4 

44.6 

1 

144.0 

1050.0 


584.0 


* 


2 

863.0 

« 


2205.0 



1850.0 

3 

« 


# 



i 


5 





* 


« 


Forewarning temperature 88° C. (180° F.) for 10 minutes 
Storage tempeiaturo 37° C. (986° F.). 

* Too viscous to measuie. 


from April 27, 1934, to May 29, 1934. The batch made on May 13, 1934, 
had a normal initial viscosity and thickened in a normal manner, while 
the batch made on May 19, 1934 had a high initial viscosity and thickened 


TABLE 3 

Seasonal change in stability during spnng 1931 


DATE OF 
rONOENSINfO 

APRIL 27 

M VI 8 

MAY 1 5 

MAY 19 


MAY 29 

Sucrose 

44.1 

44.1 

44.1 

44.1 


44.1% 

Fat 

7.55 

8.29 

7.52 

8.31 

8.05 

7.16% 

Milk solids 







not fat 

20.67 

20.73 

20.83 

21.43 

20.80 

30.34% 

Days 



Viscosity in Poises 



7.4 

7.4 

6.2 


17.3 

38.4 

1 


25.6 

14.8 




2 




* 


• 

3 


125 0 





4 



58.5 

Solid 

# 


5 

131.3 






7 


135.0 





8 



82.4 




10 







11 


158.9 





13 



95.0 




14 

470.7 






17 







18 

539.8 






20 


178.7 

124.1 




22 

740.1 







Forewarning temperature 

Storage temperature 85° C (185° F) for 10 minutes. 37° C (98.6° F). 
* Too viscous to measure. 
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abnormally fast. In 1934 the unstable period did not commence until 
approximately a month later than in 1933 and 1932. 

Trials could not be carried out during the summer of 1933 and 1934, 
so it is not known when the unstable period ended. The data given in 
Table 1 tend to show that the change again from unstable milk is not as 
abrupt as is the change from stable to unstable milk but occurs during 
the latter part of June and the first part of July 

That the change from stable to unstable milk is very abrupt is shown 
in Table 1 where the milk condensed on April 23, 1932, w’as stable -while 
that condensed on April 24 was very unstable. Table 3 shows that during 
the spring of 3934 the change occurred between May 35 and May 19. If 
batches had been condensed during the intervening 3 days it might have 
been found that the change occurred over night. 

DISCUSSION 

It is impossible to state any definite limit of viscosity above which the 
milk may be considered as unstable and below which the milk may be said 
to be stable. However, numerous trials have shown that when unstable 
milk was stored at 37° C. (98.6° F.) the thickening was usually so rapid 
that it attained a viscosity of over 3000 poises (too viscous to measure) 
within a few days after manufacture, while the viscosity of stable milk 
under the same conditions of storage was usually below 1000 poises at 
the end of 3 weeks. The initial viscosity of stable sweetened condensed 
milk averaged from 6 to 8 poises, while unstable milk was usually somewhat 
higher. However, it w T as not always possible to predict the rate of thicken- 
ing of the milk from the initial viscosity. 

nunziker (4) suggests that probably the cause of the unstable period 
during the spring is due to a large majority of the cows freshening at that 
time thus causing a high albumin content in the milk. This explanation 
would not hold for this territory where most of the cows freshen earlier 
in the year and at best would not explain the abrupt change to unstable 
milk. The milk at this season of the year is no doubt relatively high in 
albumin and it may be a factor. 

It has been observed in the evaporated milk industry that the change 
from unstable to stable milk in the spring also occurs very abruptly but 
this has been explained as being due to the increased citrate content in 
the milk caused by green pasture feed. Unstable sweetened condensed milk 
cannot be attributed entirely to the change in the milk occasioned by 
green feed, but it may be a factor. The change to green feed would not 
explain the fact that the unstable period in 1934 did not occur until 
approximately a month later than in the two previous years. The spring 
of 1934 was relatively hot and dry. During the latter part of June and 
July in 1932 the milk was much more stable than it was during May even 
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though the cows were still getting plenty of good green feed. In some trials 
where the milk of individual cows was condensed it was found that some 
cows (especially Jerseys) gave milk that was consistently unstable even 
though they were on winter rations. 

CONCLUSIONS 

The unstable period for sweetened condensed milk begins very abruptly 
and may occur any time from the middle of April to the middle of May 
in the territory of Madison, Wisconsin. 

The change back from unstable to stable milk appears to occur more 
slowly and takes place during the latter part of June and July. 

The freshening of the cows or the time at which they are turned out 
on grass cannot be correlated directly with the period during which 
sweetened condensed milk is unstable toward age thickening. 
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THE DIKETONE PRODUCED WHEN BUTTER CULTURES ARE 
STEAM DISTILLED WITH FERRIC CHLORIDE ADDED* 

B. W. HAMMER 
Iowa State College, Ames, Iowa 

The relationship of diacetyl to the desirable flavor of butter has been 
established by the work of various investigators. When a satisfactory 
butter culture is steam distilled and the distillate treated with suitable 
reagents, a brick red precipitate is formed that is commonly considered 
to be nickel dimethylglyoximate, a derivative of diacetyl. Much more pre- 
cipitate is formed if ferric chloride is added to the butter culture before 
distillation, and this is interpreted as indicating the formation of relatively 
large amounts of diacetyl through an oxidation of acetylmethylcarbinol 
present in the culture. 

Since certain homologues of diacetyl have been assumed to be valuable 
for the purpose of giving oleomargarine a desirable flavor and aroma (3) 
and also because these homologues are similar to diacetyl from various stand- 
points, it seemed advisable to determine whether or not the diketone obtained 
on distilling a butter culture with ferric chloride is diacetyl. The general 
procedure followed was to prepare the usual nickel salts from the distillates 
of butter cultures and then determine the nickel contents for comparison 
with the theoretical nickel content of nickel dimethylglyoximate. 

METHODS 

A relatively large amount of each butter culture was steam distilled, 
after adding ferric chloride, and the distillate treated with hydroxyla- 
mine hydrochloride, sodium acetate, and nickel chloride solutions ; 200 ml. 
of 40 per cent ferric chloride solution (40 gm. made up to 100 ml. with 
distilled water) were used per liter of butter culture, and the other reagents 
were employed in amounts sufficient to insure complete precipitation of the 
diketone present. Each precipitate was washed repeatedly with distilled 
water by decantation and then collected, with suction, on a crucible having 
a fused-in sintered filter disc ; the precipitate was also thoroughly washed 
on the crucible. The salt was removed from the crucible and dried at 
slightly more than 100° C. During the decantation there was some loss of 
the precipitate, so the salt was determined quantitatively on a 200-gm. 
portion of each butter culture, using the procedure followed by Michaelian 

Received for publication June 29, 1935. 

# Journal Paper No. J-267 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 127. 



770 


B. W. HAMMER 


and Hammer (2) for determining both the diketone present originally and 
that resulting from an oxidation with ferric chloride. 

The nickel content of each salt was determined by decomposing, with 
sulfuric and nitric acids, a portion that had been thoroughly dried and 
precipitating the nickel as dimethylglyoximate, which was collected and 
weighed. 

RESULTS OBTAINED 

The results obtained are given in Table 1. The percentages of nickel 
in the various salts prepared from butter cultures ranged from 20.34 to 
20.30, all of the values being close to the theoretical for nickel dimethyl- 


TABLE 3 

Nickel content of salts obtained when butter cultures were steam distilled with feme 
chloride and the distillates treated with hydroxylamine hydro - 
chloride , sodium acetate and nickel chloride 


Butter cultures developed at 21° C. 


BUTTER CULTURE 


No. 

General 

quality 

MI. 

distilled 

15 

excellent. 

3,000 

146 

fair 

2,750 

15 

good 

8,500 

232 

good 

10,000 

15* 

#* 

10,000 


Gm. of 

PURIFIED 

Ni SALT 
OBTAINED 

% Ni in Ni s\lt 

Mu. Ni salt 
obtained 

'ijUANTI'IATI VKLY 
FROM 200 GM. 
CULTURE 

0.5558 

20.24 1 
20.20 ) 

1 20.22 

1 

45.8 

0.3524 

20.29 1 
20.31 j 

t 20.30 

i 

33.2 

1.1838 

20.25 1 
20.20 ) 

1 20.225 

l 

39.6 

1.7534 

20.17 ) 
20.11 j 

1 20.14 

1 

43.5 

3.2555 

20.22 } 
20.25 j 

| 20.235 

84.3 


* 0.15% citric acid crystals added to milk from which butter culture was made. 

** Flavor and aroma were typical of a butter culture made from milk to which citric 
acid had been added. 


glyoximate 1 and distinctly higher than the theoretical values for the higher 
homologues. An average nickel content of 20.30 per cent was obtained 
on the nickel salt made from a commercial preparation of diacetyl. When 
citric acid was added to the milk used in preparing the butter culture, 
the salt obtained had the same nickel content as the salts obtained when no 
citric acid was added to the milk. The amounts of nickel salt obtained 
quantitatively per 200 gm. of the various cultures were normal for butter 
cultures of a satisfactory quality (1). 

1 The theoretical Ni content of nickel dimethylglyoximate = 20.32 per cent; of nickel 
ethylmethylglyoximate = 18.52 per cent; of nickel diethylglyoximate = 17.02 per cent. 
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Prom the data presented it appears that the diketone steam distilled 
from butter cultures after the addition of ferric chloride is diacetyl rather 
than one of the homologues and that if homologues are present they are 
limited to relatively non-signifieant amounts. 
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MOLDINESS IN ROMAN 0 CHEESE* 

F. W. FABIAN and J. W. SEVERENS 
Department of Bacteriology and Hygiene, Michigan State College, 

East Lansing, Michigan 

INTRODUCTION 

A factory manufacturing Cacio Pecorino Romano cheese, more com- 
monly known as Romano cheese, from cows’ milk reported that they were 
having considerable trouble with mold developing in the center of many of 
the cheeses. Inasmuch as this was undesirable in this type of cheese, they 
were anxious to find the cause and remedy the condition. Several cheeses 
in which the mold was present in the center and several cheeses in which 
no mold was present were submitted for study and analysis. 

In making Romano cheese the procedure usually followed is to soak 
the cheese in a 30° salometer brine for about 3 days. After this the cheese 
is removed from the brine and salt is rubbed into it every day for four 
days. The cheese maker at this particular factory had punched the cheese 
full of holes to allow greater penetration of the brine. After the cheese 
had been removed from the brine and stored for aging, the holes permitted 
the air as well as mold spores to enter the cheese. In all cases the moisture 
content was sufficient to permit the growth of mold. Doane and Lawson 1 
and also Matheson 2 in the revised edition of U. S. D. A. Bulletin 608, p. 36, 
in describing Romano cheese and its manufacture, referring to salting, 
state: “This process is sometimes facilitated by punching several holes in 
the cheese.” In the light of the present work, it is inadvisable to follow 
this procedure. 

METHOD OF ANALYSIS 

Samples of the moldy cheese were ground in a sterile mortar with 
sterile sand and plated on malt extract agar. A pure culture of mold was 
isolated and identified as Penicillium italicum. 

In order to study the conditions which favored the development of this 
mold in the cheese, analyses were made of the moisture and sodium chloride 
content of cheese that had molded and of cheese that had not molded. The 
moisture content was determined by weighing approximately 10 grams 
of the cheese in a platinum crucible and drying in a vacuum oven at 56° C. 
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until the weight was constant. The sodium chloride content was deter- 
mined by igniting one gram of cheese in a platinum crucible. The resulting 
ash was then dissolved in 10 cc. of water and titrated with n/10 AgNO ;j , 
using a one per cent K„CrO T solution as the indicator. 

In order to study the relationship between the moisture and sodium 
chloride content and moldiness in the various samples of cheeses, the cheese 
was cut into slices about one inch thick and these were diced and numbered. 
The results of typical analyses are given in the following diagrams repre- 
senting the slices of the diced cheese. 

TABLE 2 

Diagram of section of moldy cheese shown g relation between the percentage of 
moisture and sodium chloride and the presence of mold in 
the cheese. Mold confined to section 8 


1 

H,0 =15.7 
NaCl =r 7.5 

H 2 0 =18.4 
NaCl= 7.5 

3 

H 2 0 =18.0 
NaCl = 7.0 

4 

11,0 =19.9 
NaCl = 6.7 

HjO =11.1 
NaCl = 7.5 

<> 

7 

8 

H ,0 =24.5 
NaCl- 6.0 

9 

10 

1 1 

12 

H,0 =20.1 
NaCl = 5.8 

ia 

H.O =19.8 
NaCl = 7.2 

14 

H,0 =23.9 
NaCl = 6.3 

15 

1(5 

H.O =17.7 
NaCl = 7.4 

17 

JS 

H.O =18.6 
NaCl = 7.5 

19 

20 

H,0 =16.1 
NaCl = 8.2 


INOCULATING CHEESE WITH MOLD 

Squares of cheese from a cheese which showed no mold were placed 
in deep culture dishes. Mold spores from the mold isolated from the 
moldy cheese were then spread on the surface of the cheese and incubated 
a week with no growth resulting. One cc. of water was then added to the 
squares, but no growth resulted. It was necessary to repeat this twice 
before the mold grew on the surface of the cheese. 

Our results would indicate that the moisture content of the cheese would 
have to be approximately 25 per cent and the salt content not greater 
than 6.0 per cent to permit mold growth to take place. Other sections 
of the cheese having a greater salt content or a smaller amount of moisture 
were not affected. In the cheese where no mold growth occurred, the 
moisture content was less than 25 per cent and the salt content greater 
than 6 per cent. 

These results most certainly indicate that in making Romano cheese, 
it is not advisable to punch holes in the cheese to facilitate the penetration 
of the brine into the interior. This may permit molds to grow in the center. 
Molds developed in every cheese in this factory so punctured. 
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THE INFLUENCE OF STREPTOCOCCIC INFECTION OF THE 

UDDER ON THE FLAVOR, CHLORIDE CONTENT, AND BAC- 
TERIOLOGICAL QUALITY OF THE MILK PRODUCED* 

C. S. BK5TAN ANi> G. M. TROUT 

Sections of Bacteriology and Dairy 11 ushandry, Michigan Agricultural 
Experiment Station , East Lansing , Michigan 

Much attention is being given today to the factors affecting the quality 
of dairy products. It is recognized that the quality of the raw or basic 
material plays an important role in the general quality of the processed 
product. For this reason as well as for the assurance of safety from the 
public health standpoint is the milk supply subjected to inspection. 

At the receiving platform, the milk is accepted or rejected generally 
on its quality as determined by the senses of smell and taste. Other tests 
made quickly, such as the rapid acid test and the temperature, are sometimes 
used. During the summer months especially, the methylene blue test is 
resorted to as a means of segregating poor milk. 

Several instances came to our attention where producer’s milk had been 
rejected at the receiving plant, although the milk had been promptly and 
sufficiently cooled to inhibit bacterial growth. The ordinary bacteriological 
tests to determine the quality of milk, as well as the flavor and odor along 
with temperature upon arrival, were used as the basis to accept or reject 
the milk. On checking the methods of production no explanation could be 
found for the poor quality of milk, but in these cases streptococci of mastitis 
were always isolated from the producer’s supply. When the infected cows 
were located and their milk withheld, the producer’s supply was again 
accepted at the plant and the quality returned to normal. Also, imme- 
diately cooled, sanitarily-produced fresh milk has shown 4 ‘ off-flavors ” 
which were not of feed origin, but were inherent in the milk. Furthermore, 
in scoring milk from individual cows or separate herds, one frequently 
encounters a salty flavor which is entirely foreign to normal cow’s milk. 
Formerly such a flavor in the milk was attributed largely to advanced lacta- 
tion, but lately the salty flavor has beeen thought to be likewise associated 
with mastitis. In fact, the salty flavor in milk now arouses suspicion in the 

Beeeived for publication July 3, 1935. 
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minds of some milk judges that the milk under examination is from a 
mastitis-infected cow. In view of these prevailing associations between 
salty milk, quality of milk, and mastitis infection, an investigation on the 
subject seemed desirable. 

METHODS 

Samples of milk were obtained from three herds, two of which were 
known to have mastitis while the third was entirely mastitis-free. The 
udders of the cows were wiped with a moist cloth, several streams of milk 
from each quarter were discharged, and the samples collected by milking 
directly into the sterile containers. The samples were iced immediately 
so that off flavors due to bacterial growth would not develop. 

Upon arrival at the laboratory the methylene blue reduction time and 
standard plate count were determined on all samples. In addition Breed’s 
smears were prepared and a leucocyte or cell count made and the percentage 
of chlorides present was determined according to the method of Rosell (6). 
Cultural examinations, using a differential medium, were made of all samples 
for the presence of streptococci of mastitis (1) . Streptococcic mastitis infec- 
tion in the cows was established by the presence of the streptococci in the 
milk and indurations of the udder tissue. Future use of the term mastitis 
refers to streptococcic mastitis. The samples were then scored organolepti- 
cally for flavor and odor, the samples being keyed to prevent during scoring 
identity of their source and, therefore, possible correlation of flavor. In 
all 258 samples from 60 cows covering a period of six weeks were studied. 

RESULTS 

Effect of streptococcic infection upon the chloride content and flavor 
of milk. 

In preliminary studies some samples of milk had been taken at random 
from 26 individual cows of a herd which was known to be infected with 
streptococcic mastitis. The samples were tested organoleptically for salt 
flavor only. The samples were then identified and the presence or absence 
of udder infection was recorded. 

Eight of the cows from which samples were taken were infected. Of 
these samples five were definitely salty. Saltiness was not noted in any of 
the samples from the non-infected animals. All of the cows were yielding 
a good flow of milk, which may account for the fact that a salty condition 
was not noted in any of the samples from the non-infected cows. The 
quantity of the milk yield as well as the extent of infection may have ac- 
counted for the fact that saltiness was not noted in some of the samples 
from the infected cows, although it was noted in the majority of them. 

Following this introductory work, studies were made on samples of milk 
from individual cows of two infected herds and from one non-infected herd 
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to determine tlie percentage of chloride present and also to ascertain the 
flavor quality with special reference to salty flavor. The data in Table 1 
represent a six-weeks* study of the milk for chlorides from Herd A, com- 
posed of Holstein cows of which 40 per cent showed streptococcic infection. 

TABLE l 

A comparison of the chloride content of milk from nondnfecled and that from 

infected cows 


HERD A 



NON-INFECTED COWS (11 

-12) 


INFLITED COW S (8) 


DATE 

No. of samples showing 
per cent Cl between 

Average 

Cl eon- 

No. of samples showing 
per cent Cl. bet ween 

Average 
Cl. con- 


0- .14 

14 -*.10 

10 + 

tent (%) 

0~.11 

.14 -.10 

.10 t 

tent {%) 

3/27 

0 

4 

8 

.180 

0 

0 

8 

.206 

4/3 

1 

3 

5 

.162 

0 

4 

4 

.173 

4/]0 

3 

5 

3 

.151 

2 

2 

4 

.171 

4/17 

0 

» 

8 

.179 

0 

3 

5 

.186 

4/24 

0 

7 

4 

.164 

0 

3 

5 

.214 

5/1 

0 

5 

G 

.108 

0 

1 

7 

.204 

Total 

Per 

cent 

4 

20 

1 34 


o 

13 

33 


total 

6 

43 

51 

.167 

3 

27 

70 

.192 


Seventy per cent of the individual samples of milk from the infected cows 
had above the normal limit of 0.16 per cent chloride present, with an average 
of 0.192 per cent over all samples. The daily chloride content showed a 
range from an average of 0.171 to 0.206 per cent. Although the average 
chloride content of the milk from the non-infeeted cows was considerably 
lower than that from the infected cows, being 0.167 per cent, it would seem 
that this was high in light of the figures given for the chloride of normal 
milk by Hucker (3). Fifty-one per cent of the samples from non-infected 
cows showed greater than 0.16 per cent chloride, with a daily range from 
0.151 to 0.18 per cent. 

Similar studies were made on Herd B consisting of Ilolsteins of which 
the extent of infection was not so great. The data obtained are presented 
in Table 2. 

The infected samples from this herd were found to have considerably 
more than 0.16 per cent chlorides. The average was 0.2263 per cent and 
the daily range was 0.17 to 0.28 per cent. This is much greater than that 
found in Herd A. The non-infected samples also showed on the average 
more chlorides present than the non-infected samples from Herd A. 
Although 58 per cent of the samples from the non-infected cows had less 
than 0.16 per cent chlorides, while 43 per cent had more than 0.16 per cent, 
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TABLE 2 

A comparison of the chloride content of milk from non-inf ected and that from 

infected cows 


HERD B 



NON -INFECTED COWS (11-13) 


INFECTED COWS (1-3) 

DATE 

No. of samples showing 
per cent Cl. between 

Average 
01. con- 

No. of samples showing 
per cent Cl. between 

Average 
Cl. con- 


0 — .14 



tent (%) 

0 — .14 

,14 -.16 

.16 + 

tent (%) 

3/27 

0 

5 

6 

.1691 

0 

o 

1 

.23 

3/29 

0 

3 

8 

.1809 

0 

0 

1 

.27 

4/3 

0 

7 

4 

.1641 

0 

0 

1 

.27 

4/5 

2 

2 

9 

.1700 

0 

0 

1 

.20 

4/10 

' i 

6 

6 

.1669 

0 

0 

1 

.17 

4/17 

0 

6 

7 

.1861 

0 

0 

1 

.23 

4/19 

1 

8 

4 

.1746 

0 

0 

1 

.19 

4/24 

0 

10 

1 

.1533 

0 

0 

1 

.28 

5/1 

! 0 

10 

1 

.1563 | 

! o ( 

0 

3 

.2166 

Total 

Per 

cent 

4 

57 

46 


0 j 

0 

11 

' 

total 

3.7 

53.3 

43.0 

.1694 

0 

0 

100 

1 

.2263 


the average from all samples was 0.1694 per cent with a daily range during 
the six weeks’ period from a low of 0.1533 to a high of 0.1861 per cent. 

Chloride determinations were made also of samples of milk from indi- 
vidual cows from a Guernsey herd negative to mastitis for 36 months. 
These data are presented in Table 3. 

The average chloride content of the 35 samples w r as 0.1374, with a range 
from a low of 0.11 to a high of 0.19 per cent. Of the 35 samples only three 
had greater than 0.16 per cent chloride, being 0.17, 0.18, and 0.19 per cent. 
The cows from which those samples were taken were practically dry. A 
comparison of data in Tables 1, 2 and 3 shows a materially lower per cent 
of chlorides in the milk from a non-infeeted herd than that from non-infected 
cows of an infected herd. 

In view of these data, the flavor and flavor scores of the same milk as 
was used in determining the chloride content is of interest. The data 
obtained from scoring the samples of milk from the various herds are pre- 
sented in Tables 4, 5, and 3. 

Of the infected samples from Herd A, 56 per cent were criticized for 
being “salty” and of the non-infected samples from the same herd 25 per 
cent were criticized for * ‘ salty ’ 9 flavor. 

Only one cow in Herd B consistently showed streptococcic infection, 
although two additional cows, recently freshened, Were likewise infected. 
Samples from these infected cows were criticized for “saltiness” in 90.9 
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TABLE 3 

The per cent chlorides , flavor score, and flavor criticism of samples of milk from individual 
cows of a non-inf acted herd, negative for 36 months 


NO. OF COW 

CHLORIDES 

(%) 

CLASS OF MILK* 

SCORE 

CRITICISM 

Excel. 

Good 

Fair 

Poor 

Bad 

1 

.12 


+ 



r , 22 


2 

.14 

+ 



i 

23 


3 

.14 


+ 



21 

sl. cowy 

4 

.12 

+ 





23 


5 

.15 

+ 





23 


6 

.33 


+ 




22 


7 

.11 


+ 




22 


8 

.13 



+ 



21 

si. Rat 

9 

.14 


+ 




22 


10 

.12 

+ 





23 


11 

.14 



+ 



20 

flat 

12 

.14 


+ 




22 


13 

.15 

+ 





23 


14 

.14 


+ 




22 


15 

.15 



+ 



19 

salty 

16 

.14 


+ 




22 


17 

.12 


+ 




21 

sl. feedy 

18 

.16 



+ 


20 

sl. salty 

19 

.14 


+ 



i 22 


20 

.32 

+ 





23 

, 

21 

.13 j 



+ 



18 

salty 

22 

.14 


+ 




21 

sl. feedy 

23 

.14 


+ 




22 


24 

.12 

| + 





23 

... . 

25 

i -13 

; + 





23 

..... 

26 

.11 


1 + 




22 


27 

.17 



+ 



38 

salty 

28 

.12 

! 

j 

No samples taken 



29 

.11 

i 

< t 

< f 

i ( 



30 

.15 

i 

i t 

t ( 

( c 



31 (dry) 

.39 


( i 

( ( 

1 1 



32 

.16 


1 1 

1 1 

C ( 



33 (almost 








dry) 

.18 


t ( 

1 1 

i ( 



34 

.14 


1 1 

tt 

( < 



35 

.12 


i ( 

< ( 

( { 



Average 

0.1374 








*Key: Excellent, score 23-25 

Good, “ 21-23 

Fair, “ 18-21 

Poor, “ 12-18 

Bad, “ 0-12 

per cent of the cases, whereas 20,5 per cent of the non-infected samples and 
only 14.8 per cent of the samples from the negative herd were similarly 
criticized. 

Not all samples from infected cows were criticized in each case for salty 
flavor, but the majority of them were as shown by the above figures. Just 
as the per cent of chlorides present varied so did the intensity of flavor. 
Apparently there existed some relationship between the naturally high 
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in Table 6 where the per cent chlorides, numerical flavor score, and flavor 
criticism are respectively given of weekly samples of milk from infected cows. 

The daily variation in chloride content and flavor of infected samples 
taken weekly over a period of six weeks is presented in Table 6. 

It seems from the data presented in Table 6 that when milk from an 
infected cow showed a consistently high chloride content that the milk was 
consistently criticized for being salty, or very salty. On the other hand, 
when there existed a fluctuation and wide variation in per cent chlorides 
the flavor was not consistently salty, and furthermore, the salty flavor 
criticism did not always coincide with the per cent chloride present. 

Effect of streptococcic infection upon bacteriological quality of milk. 

At the same time that the milk samples were collected for organoleptic 
examination and determination of the chloride content, cow composite and 
individual quarter samples were collected for bacteriological examination. 
The methylene blue reduction test was run, bacteria count determined, and 
a leucocyte count made; also each sample was Cultured for streptococci. 
These results are classified according to the recognized standards or counts. 

The results from examination of the non-infected milk samples are given 
to permit a comparison of the infected and non-infected samples. These 
data are presented in Table 7. 

The number of non-infected cows in Herds A and B are indicated in the 
Table. It should be kept in mind that these are non-infected cows present 
in infected herds. In Herd A all except one of the non-infected samples 
were of class one methylene blue milk. This one was class two at the time 
of the first examination. The cow concerned was near the end of her 
lactation period. Two of the samples from Herd B were of class two at 
the time of the first examination, following which all were consistently class 
one. All samples from Herd C were class one ; this herd had been mastitis- 
free for a period of 36 months. The total number* of samples examined is 
given in Table 7, as well as those falling in the various classes according to 
the tests employed. On the basis of the methylene blue test 98.5 per cent 
of all samples were class one and the remaining one and one-half per cent 
were class two. No class three or four milks were obtained from non- 
infected cows. 

These samples were further classified according to the numbers of leuco- 
cytes per cubic centimeter. In a study of the relation of streptococci infec- 
tion to udder induration Hucker and Udall (4) established the normal value 
of 500,000 or less per cubic centimeter. Other workers (5) (2) have set 
the normal value at 1,000,000 or less per cubic centimeter. Recognizing the, 
value of these standards, the milk samples were classified on this basis. 

All of the samples from Herd A contained fewer than 1,000,000 leuco- 
cytes per cubic centimeter; of these only six contained more than 500,000 
at any examination during the six weeks* period of this study. One sample 
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from Herd B contained leucocytes in excess of 1,000,000 per cubic centi- 
meter and three samples had counts in excess of 500,000 but less than 
1,000,000 at any examination. The remaining milks from Herds A and B, 
and all samples from Herd G contained less than 500,000 leucocytes per 
cubic centimeter. The distribution of the samples, on the basis of leuco- 
cyte content, indicates that counts of over 1,000,000 per cubic centimeter 
were not very frequent in the milk from the non-infected cows. In fact the 
tendency was for the leucocyte content to be much lower than 1,000,000, as 
evidenced by 95 per cent of the samples falling in the class with less than 
500,000 leucocytes, 4.3 per cent in the class from 500,000 to 1,000,000 and 
only 0.7 per cent of the samples containing leucocytes in excess of 1,000,000 
per cubic centimeter. 

The bacteria count of the samples varied from one sampling to the next. 
As indicated in Table 7, approximately 50 per cent of all samples from the 
non-infected cows contained less than 500 bacteria per cubic centimeter. 
In addition 45.8 per cent of the remaining milk samples contained between 
500 to 1,000, and only 5.8 per cent over 1,000 bacteria per cubic centimeter. 

The values obtained upon examination of milk from the non-infected 
cows present some basis of comparison for the milk from the streptococcus- 
infected cows. The milk from the infected cows in Herds A and B was 
studied ; these results are summarized in Table 8. 

A total of 57 streptococcus-infected milk samples were studied. Upon 
comparing the percentage of infected samples occurring in the various 
classes, it is noted that 52.6 per cent of the samples were class one methylene 
blue as compared to 98.5 per cent of the non-infected samples. A definite 
decrease in the quality of streptococcus-infected milk is evident, as deter- 
mined by the methylene blue test, since 28 per cent were class two, 15.9 
per cent class three, and 3.5 per cent class four as compared to the 1.5 
per cent of non-infected samples lower than class one. 

Similarly, the leucocyte content of the infected milk was increased. 
Fifty-three and ’seven-tenths per cent of the samples contained over 
1,000,000 leucocytes per cubic centimeter and 20 per cent had counts above 
500,000 but lower than 1,000,000 with only 26.3 below 500,000 per cubic 
centimeter. The increase in leucocytes is rather marked when these values 
are compared with those from the non-infected samples (Table 7). 

The bacteria count of the milk from the individual cows varied from day 
to day, as evidenced by the shift in counts of many of the samples. Of the 
infected samples 7 per cent had counts between 200 and 500, 24.5 per cent 
from 500 to 1,000, and 68.5 per cent contained more than 1,000 bacteria per 
cubic centimeter. Only 5.8 per cent of the non-infected samples hid 
bacteria counts of more than 1 ,000 per cubic centimeter. It is evident that 
streptococcus infection of the udder caused a marked increase in the total 
number of bacteria present in the milk produced. 
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The fact that a cow may have a streptococcus infection in one, two, three 
or all four of her quarters raised the question concerning the quality of the 
milk secreted by the various quarters. In order to make this study, indi- 
vidual quarter samples of milk were collected from the infected cows in 
Herds A and B. The results of examination of these infected and non- 
infected quarters are summarized in Table 9. 

The methylene blue rating of the milk from the infected quarters is 
lower than that from the non-inf ected quarters. Only 80.9 per cent of the 
infected quarters secreted class one milk, as compared to 94 per cent of the 
non-infeeted quarters. Ninety-four per cent of the non-infected quarters 
of infected cows produced class one milk, as compared to 98.5 per cent of 
non-infected cows producing class one milk. The per cent of class two milk 
from both infected and non-infected quarters was quite constant, being 4.8 
and 4.5. Only 1.5 per cent of the non-infected quarters was class three and 
none class four, while the infected quarters yielded 9.6 per cent of class three 
and 4.8 per cent of class four milk. 

The leucocyte counts presented somewhat the same picture with approxi- 
mately the same percentage of infected and non-infected samples ranging 
between 500,000 and 1,000,000 per cubic centimeter. These values are 27 
and 24.2 per cent, respectively. The infected milks showed a decrease in 
the percentage of samples with less than 500,000 and a like increase in the 
percentage of samples with leucocyte counts in excess of 1,000,000 per cubic 
centimeter. 

The data indicate that the infected quarters yield milk of higher bacteria 
count than that of non-infeel ed quarters. Sixty-six per cent of infected 
quarters secreted milk containing more than 1,000 bacteria per cubic centi- 
meter as compared to 56.1 per cent of the non-infected quarters. These 
results seem to indicate that the infection in the involved quarters may exert 
some influence on the milk secreted by the non-infected quarters, since an 
increased number of streptococcus-free quarters gave a milk of lower quality 
than the milk produced by mastitis-free cows. 

In order to bring out more clearly, the relationship of streptococcus in- 
fection of the udder to the quality of milk produced the data are summa- 
rized in Table 10. The percentage of cow composite and quarter milk 
samples from both infected and non-infected cows that fall into the various 
classes of the tests employed are presented. 

These data indicate that the streptococcus-free cows produced milk of 
the highest quality as determined by the methylene blue test, leucocyte 
count, and bacteria count, with the milk from the non-infected quarters 
of infected cows of next highest quality and the milk from infected quarters 
and streptococcus infected cows of lowest quality. 

The producer’s milk supply, as it arrived at the receiving plant, was also 
studied during the time of the investigation. The quality of the whole 
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supply was consistently low during the time that the milk from the 
streptococcus-infected cows was included. When the milk from the infected 
cows was withheld the quality of the producer’s supply was greatly im- 
proved. This is very important when dairymen are desirous of producing 
a high quality milk. 

SUMMARY 

Samples of milk were secured from individual cows from three herds, 
two of which showed streptococcic infection while the third showed no 
streptococcic infection. These samples were tested, organoleptically for 
salty flavor and for per cent chlorides. Fifty-six per cent and 90.9 per cent 
of the infected samples from the two infected herds were criticized for 
having a salty flavor. Twenty-five per cent and 20.5 per cent of the n on- 
infected samples from the infected herds were found to have a salty flavor, as 
compared to 14.8 per cent of the samples from the negative herd, these latter 
being from cows almost dry or at least far advanced in lactation. 

The averages of the per cent chlorides in the infected samples were 0.192 
and 0.2263 for the two herds studied, with the non-inf ected samples of the 
same herds averaging 0.167 and 0.1694 per cent, respectively. The milk 
from the non-inf ected herd averaged only 0.1374 per cent chloride. 

Milk from the infected cows of the two herds scored averages of 19.54 
and 18.1 points while the milk from the non-infeeted cows of the same 
herds scored averages of 20.67 and 21.17, respectively. The milk of the 
non-inf ected herd averaged a score of 21.59. 

Although the flavor of mastitis milk was not always salty, the majority 
of the samples were so criticized. Factors such as stage of lactation, milk 
yield, and extent of infection, undoubtedly have a marked influence upon 
the salty flavor of the milk. 

The methylene blue test was run on strcptocoeeus-infected and non- 
infected cow composite and quarter samples of inilk. In addition, the 
leucocyte and bacteria counts of all samples were determined. The milk 
from the streptococcus-free cows was of higher quality, as determined by 
the methylene blue reduction test and the number of leucocytes and bac- 
teria per cubic centimeter. The next highest quality of milk was produced 
by the non-infected quarters of streptococcus-infected cows. 

A streptococcus infection in one, two or three quarters of a cow seemed 
to influence the quality of milk secreted by the non-infected quarters of the 
same cow. On this account the milk produced by non-infected cows was 
of higher quality than that secreted by the non-infected quarters of a 
streptococcus-infected cow. 

The infected cow composite and quarter samples of milk were of lowest 
quality on the basis of the tests employed. They were of lower methylene 
blue class milk and contained the highest number of leucocytes and bac- 



792 


C. S. BRYAN AND G. M, TROUT 


teria per cubic centimeter of milk. These facts are most important when 
dairymen are interested in the production of high quality milk. 

The elimination from the producer’s supply of milk from the strepto- 
coccus-infected cows in two herds resulted in an increase in the quality of 
the producer’s milk. 

Although most of the milk from streptococcus-infected cows had a salty 
flavor, high chloride content, high leucocyte and bacteria counts, and was 
of lower quality as determined by the methylene blue test, none of these 
determinations can be used alone to make an accurate diagnosis of strepto- 
coccic mastitis. 
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A METHOD OP HARVESTING SAMPLES OP PASTURE FORAGE 

W. B. NEVENS AND A. F. KUHLMAN 
Department of Dairy Husbandry, University of Illinois , Urbana, Illinois 

A simple device for use in tlie harvesting of small samples of pasture 
forage was made from strap iron 1\ inches in width and tV inch in thick- 
ness. The iron was shaped into a rectangular frame 20.79 inches by 20.79 
inches inside measurement. A separate bar of the same material fits loosely 
over the frame. The ends of the bar turn downward to keep it in place. 
(Fig. 1.) The area enclosed by the frame is 3 square feet. 
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After selecting the area to be harvested, the frame is held in a horizontal 
position and dropped into place. When the crop is tall, some of the plants 
are likely to be bent over by the frame. These may be straightened and 
those which should be within the frame and those which should be outside 
may be adjusted to their proper positions by drawing the index and middle 
fingers along the inside and outside of the frame. A sheep shears is used 
for cutting the forage. Before the removable bar is put into place, a 
“swath” is cut by resting the base of the blades on the edge of the frame 
next to the operator. After the removal of the first swath, the metal bar 
is laid on the frame and the cutting completed by moving the bar forward 
as needed, at all times resting the shears on the bar. When the forage is of 
sufficient length, the harvest may be facilitated by an assistant who grasps 
a bunch of the forage, holds it during cutting and lifts it out of the way of 
the next stroke of the shears. 

This method accomplishes several purposes : a rigidly-defined area is har- 
vested; the position of the frame does not change during the collection of 
the sample because of the weight of the device ; the forage is cut without 
scattering the sample, an accomplishment which is difficult when a hand 
sickle is used ; the forage is cut at a uniform height from the ground ; the 
sample is of convenient size for drying. 



THE VITAMIN A ACTIVITY OF BUTTER PRODUCED BY COWS 
FED ALFALFA HAY AND SOYBEAN HAY CUT IN 
DIFFERENT STAGES OF MATURITY* 


J. H. HILTON, 8. M. 1IAUGE and J. W. WILBUB 
Departments of I)a\ry Husbandly and Hc&catch Chemical Laburatoi y 
Purdue University Agiuultmal Expn iment Station, Lafayette, Indiana 

The production of butter of high vitamin A value is largely dependent 
ou the vitamin A activily of the feeds fed the cows. The chief sources of 
vitamin A in the rations of cows are pasture grasses and various types of 
hay. Hilton, Ilauge and Wilbur (1) found that, although the vitamin A 
activity of butter produced under winter feeding conditions declines when 
the cows receive hay of low wtamm A value such as timothy hay, it was 
possible through the feeding of good quality alfalfa to produce butter equal 
in vitamin A value to that produced when the cows -were on pasture. It was 
also found that soybean hay was less effective in maintaining this high 
vitamin A activity of butter than was alfalfa hay. 

With this close correlation between the vitamin A value of hay fed the 
cows and the vitamin A \alue of the butter produced, if is highly essential 
that hay of high vitamin A activity be fed to dairy cows in order to produce 
butter of high vitamin A -salue. However, hays vary considerably in their 
vitamin A value. This variation may be due not only to differences in the 
species of the plants from which the hay is produced, but also to the maturity 
of the plants when harvested and to the conditions of the curing process. 
Numerous investigators (2-5) have shown that the drying of alfalfa by 
means of mechanical driers tends to preserve the vitamin A value while the 
field curing process is more or less destructive to the vitamin A value. Re- 
cently, Hauge (6) has shown that the vitamin A value of alfalfa varies 
with the stage of maturity of the plants, young alfalfa (10-12 inches high) 
possessing greater vitamin A value than plants in the full bloom stage. 

Therefore, it seemed desirable to extend these studies to include a com- 
parison of the vitamin A activity of soybean and alfalfa hay, cut at different 
stages of maturity and cured by two different processes; and, to study the 
relationship between the vitamin A activity of the hays and the butters 
produced by cow r s fed these hays. 

Beceived for publication July 5, 1935. 

* Published with the approval of the Director of the Purdue University Agricultural 
Experiment Station. 


795 



796 


J. H. HILTON, S. M. HAUGE AND J. W. WILBUR 


EXPERIMENTAL 

The Hay Samples 

The samples of hay used in these experiments were prepared from alfalfa 
and soybean plants harvested in two different stages of maturity. Portions 
of each cutting of each hay were field cured and artificially dried. Eight 
samples of hay were prepared and classified according to the time of harvest- 
ing and method of curing. 

F.C.Y.A. — Field cured young alfalfa prepared from plants when they were 
from 10-12 inches high and before the bloom stage. 

A.D.Y.A. — Artificially dried young alfalfa hay prepared from plants when 
they were from 10-12 inches high, before the bloom stage and 
cured in a mechanical hay drier. 

F.C.L.A.— Field cured late alfalfa hay prepared from plants cut at the usual 
period in the bloom stage. 

A.D.L.A. — Artificially dried late alfalfa hay prepared from plants cut at 
the usual jieriod, in the bloom stage and cured in a mechanical 
hay drier. 

F.C.Y.S. — Field cured young soybean hay prepared from plants 12-15 
inches high when the pods were just starting to form on the 
lower branches. 

A.D.Y.S. — Artificially dried young soybean hay prepared from plants 12-15 
inches high, when the pods were beginning to form on the lower 
branches, and cured in a mechanical drier. 

F.C.L.S. — Field cured late soybean hay prepared from plants after the 
beans were well formed in the pods, but with most of the leaves 
retained and still green. 

A.D.L.S. — Artificially dried late soybean hay prepared from plants after 
the beans were w'ell formed in the pods, with most of the leaves 
retained and cured in a mechanical drier. 

Representative samples of these eight types of hays were collected, finely 
ground in a Wiley Mill and then subjected to biological assays. The tech- 
nique employed for the vitamin A assays was the same as has been previously 
described (6). The results of these tests are given in Table 1, the values 
being expressed in Sherman and Munsell (7) vitamin A units. 

The Effect of the nays on Buiterfat 

Four Guernsey cows divided into two groups of two cows each were used 
in these feeding experiments. All cows were in the early stages of lactation 
at the beginning of the feeding trials, and continued through the tests in 
fairly uniform production. The two groups were fed the respective samples 
of hay in successive 30 day feeding periods. Group 1 received artificially 
dried young alfalfa hay (A.D.Y.A.), field cured late soybean hay (F.C.L.S.), 
artificially dried late soybean hay (A.D.L.S.) and field cured young alfalfa 
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hay (F.C.Y.A.) in the order named. Group 2 received in order, artificially 
dried young soybean hay (A.D.Y.S.), field cured late alfalfa hay (F.C.L.A.), 
artificially dried late alfalfa hay (A.D.L.A.), and field cured young soybean 
hay (F.C.Y.S.) during the four successive 30 day feeding periods. 

The hay was fed daily at the rale of 1.5 per cent of the body weight of 
the cows. However, some of the covs failed to consume all of the hay offered 
and as shown in Table 1, there was some variation in the average daily con- 
sumption of the different hays. In addition to the hays, the cows w T ere fed 
limited amounts of corn silage and a balanced grain ration of ground white 
corn, ground oats and linseed oil meal. 

At the end of each feeding period, composite samples of milk (equal 
amounts from each cov) from each group were collected, and the cream 
separated and churned into butter. The butter samples were kept in cold 
storage and portions removed as needed for biological assays. 

The vitamin A activity of these samples of butter were determined by 
biological assays, using the curative method. The results of these assays 
are shown in Table 1. 

TABLE 1 

Showing the vitamin A valves of alfalfa and soybean hays and the vitamin A activity 
of butters produced by cows fed the respective hays 


it AY I BU 1 J Lit 




row 

Vitamin A units 


Vitamins A units 



conn ump* 
tlon 
lbs. 
daily 

Per 

gram 

n.iiy 
| intake 
| (OOO) 1 

LBS. 

El niCHFAT 
l*nu L>A* 

Butter 
per grain 
(assayed) 

Buttoifat 
per gram 
(calcu- 
lated) 

Daily 

output 

(OOO) 

F.C.Y.A. 


12.3 

18 

r too 

1.18 

29 

35 

19 

A.D.Y.A. 


0.7 

90 

306 

1.15 

45 

55 

29 

F.C.L.A. 


11.5 ! 

20 

lot 

1.11 

28 

34 

17 

A.D.L.A, 


12.8 1 

70 

406 

1.02 

36 

43 

20 

F.C.Y.S. 


15.0 

36 

245 

1.0G 

34 

40 

19 

A.D.Y.S. 


10.4 

54 

254 , 

1.15 

38 

46 

24 

F.C.L.S. 


12.5 

8 

I 47 I 1 

1,23 

10 

23 

13 

A.D.L.S. 


16.0 

30 

| 219 i 

1.24 

24 

29 

16 


DISCUSSION 

In the studies on the vitamin A value of the eight samples of hay pre- 
pared for these experiments, it may be seen from Table 1 that the vitamin 
A value of each artificially dried hay was higher than that of the correspond- 
ing field cured sample. It may also be noted that in each case the hays pre- 
pared from the younger plants were superior to those made irom the more 
mature plants, except in the case of the field cured young alfalfa which ap- 
parently had suffered greater vitamin A destruction during the field curing 
process than the more mature hay. The lower vitamin A value of the field 
cured young alfalfa as compared with the field cured late alfalfa hay may 
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be ascribed to differences in the atmospheric conditions during the curing 
period. The high humidity encountered during the curing of the young 
alfalfa undoubtedly retarded the rate of dehydration of the hay and favored 
the greater enzymatic destruction of the vitamin A value of this hay as com- 
pared to that of the late alfalfa (3, 6, 8). 

Although the marked differences between the artificially dried and field 
cured samples of alfalfa are as might be expected, based on previous work 
reported on this subject (2-5), the proportionate destruction of vitamin A 
in the young soybeans during the field curing process was considerably less 
than that of the young alfalfa hay. This presents the possibility that the 
soybeans contain less enzymes than alfalfa which are destructive to the vita- 
min A activity of hay during the curing process. In the field cured late soy- 
bean hay, the proportionate destruction was not as great as has been found 
for alfalfa, even though the enzyme activity was favored by rather slow dry- 
ing due to the high content of beans and fibrous stems as well as unfavorable 
atmospheric conditions. 

Evidence previously reported (8) showed that by immediately destroy- 
ing the enzyme activity of the plants by heat such as used in mechanical 
driers, alfalfa hay may be produced with the retention of most of the origi- 
nal vitamin A value of the plants. On this basis it seems logical to assume 
that by similar treatment soybean hay should retain most of its original vita- 
min A value. If this is true, it becomes evident that soybean plants do not 
contain as great a vitamin A potency as do alfalfa plants. This is seen by 
comparing the artificially dried early cut soybean hay with the artificially 
dried young alfalfa hay, as well as by comparing the soybean and alfalfa 
hays of later cuttings. 

When these hays were fed as the chief source of vitamin A in the ration 
of dairy cows, the butter which was produced by the cows fed the respective 
hays, possessed a vitamin A polency similar in relationship to that possessed 
by the hays. Not only were the artificially dried hays superior to the cor- 
responding field cured samples in producing butters of higher vitamin A 
value, but with one exception, all artificially dried hays were more effective 
than the best field cured hay in producing butter of high vitamin A activity. 
This one exception was in the case of the artificially dried late soybean hay. 
The butter produced by this hay possessed a lower vitamin A potency than 
did the butter produced by most of the other hays. This low vitamin A 
potency was not due to a lack of vitamin A intake by the cows. In Table 
1, it can be seen that during this period these cows had an average daily vita- 
min A intake of 219,000 units and produced butter with 24 units, while covrs 
fed field cured young alfalfa hay had an average daily intake of only 100,000 
units, but produced butter containing 29 units per gram. Furthermore, it 
may be seen that with artificially dried late soybean hay the vitamin A in* 
take was nearly as high as that of the cows receiving the two differently cured 
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samples of early cut soybean hay, yet the butter produced by the cows fed 
the artificially dried late soybean hay was significantly lower in vitamin A 
value than the other two butters. This suppressing action of late cut soy- 
bean hay on the transference of vitamin A of the hay to the butler was also 
observed in earlier experiments (1) and later found to be associated with 
some factor in the beans (9) . However, it should be noted that soybean hay 
made from the young plants and fed to dairy cows produced butter of high 
vitamin A activity. 

It is interesting to note that Gillian, Heilbron, et al. (10) found that 
although artificially dried grass was much superior to field cured grass in 
maintaining the high vitamin A activity of summer butter through the win- 
ter feeding period, it did not produce butter with exceptionally high vitamin 
A activity. 

Tu comparing the vitamin A potencies of the various butters reported in 
Table 1, it is noted that the butter produced by the cows when fed artificially 
dried young alfalfa contained 45 units per gram which was much higher than 
any of the other samples; in fact, it possessed the highest vitamin A activity 
of any butter sample ever tested in this laboratory Apparently try feeding 
bay of very high vitamin A content it is possible to increase the vitamin A 
value of butter even above that produced by cows fed good blue grass pas- 
ture. The highest vitamin A sample of butter produced by cows on good 
blue grass pasture and tested in this laboratory contained 36 units per gram. 

However, it is apparent that there is a rather definite limit to the possible 
increase of tlie vitamin A in the butter regardless of the number of vitamin 
A units in the ration In these experiments, for example, there was four 
times greater daily vitamin A intake with artificially dried young alfalfa hay 
than with the corresponding field cured sample, yet there was only a 50 per 
cent increase in the vitamin A value of the butter. 

SUMMARY 

1. Comparisons were made of the vitamin A value of artificially dried 
and field cured alfalfa and soybean hay, cut at two different stages of ma- 
turity. Studies were also made of the relationship between the vitamin A 
activity of the hays and the butters produced by cows fed these respective 
hays. 

2. Artificially dried hays were superior in vitamin A value to the corre- 
sponding field cured hays. 

3. Hays made from younger plants possessed a higher vitamin A value 
than did hays made from older plants. 

4. Alfalfa plants contain greater vitamin A potency than do soybean 
plants. 

5. Dairy cows when fed artificially dried hays produced butter of higher 
vitamin A value than when fed field cured hays. 
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6. Artificially dried young alfalfa hay when fed to dairy cows produced 
butter of exceptionally high vitamin A value — 45 units per gram. 

7. Soybean hay made from plants after the beans were well formed in 
the pods suppressed the formation of vitamin A in the butter sufficiently to 
produce a butter of only medium high vitamin A activity. Soybean hay 
made from young plants and fed to dairy cows did not show this suppressing 
action and produced butter of high vitamin A activity. 
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THE SOLUBILITY-FREEZING POINT RELATIONSHIPS OF 
WATER SOLUTIONS SATURATED WITH RESPECT TO 
SUCROSE AND DEXTROSE IN RELATION TO THE 
STORAGE OF SHERBET AND WATER ICE 

ALAN LEIGHTON and ABRAHAM LEVITON 
Bureau of Dairy Industry , U. S. Department of Agriculture , Washington, D. C. 

It has long been known that the crusting of sherbet and water ices is due 
to the crystallization of cane sugar. Leighton (1) showed that, theoreti- 
cally, such sugar separation could not take place under ordinary conditions 
if the sherbet was held at a temperature higher than the eutectic tempera- 
ture of the system cane-sugar- water, which he determined to be as approxi- 
mately -12° C. Dahlberg (2) showed this independently, and also showed 
that sugar separation could be prevented at even lower temperatures if 
dextrose or corn sugar was used in place of part of the cane sugar. Experi- 
ment showed him that a concentration of 7% dextrose and 25% sucrose was 
the most satisfactory for the prevention of sugar separation, although a 
slightly higher proportion of dextrose could be used. With the realization 
that the greatest protection was to be had if the proportion of the two sugars 
to water was that of their ternary eutectic mixture, but lacking suitable 
laboratory facilities for the precise determination of the joint solubility and 
freezing point relationships of sucrose and dextrose at temperatures below 
ordinary room temperature, Dahlberg extrapolated from the data then exist- 
ing for the relationships at higher temperatures and came to the conclusion 
that the freezing point of a water solution just saturated to both sucrose and 
dextrose w T ould be about - 20.0° C. and that the proportion of dextrose to 
sucrose would be approximately that found by him to be most suitable for 
use in practice, namely, 7 parts dextrose to 25 sucrose, or 1 to 3.57. 

While the past few years have witnessed an increased utilization of 
dextrose in frozen products, the exact solubility and freezing point relation- 
ships of water solutions saturated to sucrose and dextrose have not been 
determined at temperatures below 30° C. This being the case, work Was 
undertaken to determine these relationships, and the data are recorded in 
this paper. 

The procedure best suited for the purpose of determining the eutectic 
temperature and the composition of the ternary eutectic mixture -was to 
determine the joint solubility in water of corn and cane sugar at a number 
of temperatures below room temperature, and then to determine the freezing 
points of a number of these saturated mixtures. The eutectic curve obtained 
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by plotting the total sugar concentration against temperature should inter- 
sect the freezing point curve obtained from these mixtures at the true 
ternary eutectic point. In this work the brine temperatures of the refrigera- 
tion system were not low enough for the solubilities of cane and corn Bugar 
to be measured at the true eutectic; however, the temperatures obtainable 
were sufficiently low to permit of extrapolation, and we believe we have 
located the ternary eutectic temperature with ail accuracy of :± 0.1° C. 

For the solubility work a thermostat was used which was equipped with 
brine coils for cooling and an electric healer for maintaining the desired 
temperature against the cooling action of the coils. Temperatures could be 
maintained with an accuracy of d t 0.03° C. 

For the determination of the joint solubilities of the two sugars, equi- 
librium was approached from under-saturation by rotating within the 
thermostat 100 cc. glass stoppered bottles containing sugar solution and an 
excess of the solid phase of each sugar. Rotation was continued until equi- 
librium was reached, as shown by the analysis of solution taken at inter- 
vals of one week. At the lower temperatures a time interval of six weeks 
was required for the establishment of equilibrium. 

When portions of the liquor were to be withdrawn for analysis, the 
bottles were placed on a rack on the side of the thermostat, and after the 
solid phase had had time to settle, the liquor was withdrawn by suction into 
a pipette, the end of which was Hared and covered with one layer of filter 
paper supported by a small perforated platinum disc. In this manner a 
true sample of about four grams of liquid was obtained by the filtration of 
the liquor. The actual analyses by means of density and polarimetric 
measurement upon the diluted sample were carried out in the manner 
described by Jackson and Gillis (3) and Jackson and Silsbee (4). 

The freezing point determinations were conducted in the usual manner 
using Beckmann thermometers with ice and alcohol as the refrigerant. 


TABLE I 

The solubility-freezing point relationships of water solutions saturated with 
respect to sucrose and dextrose 


TEMPERATURE 

TOTAL SUGAR 

SUCROSE 


WATER 

F.P. 

°c. 

per cent 

per cent 

per cent 
( anhydrous ) 

per cent 

°C. 


73.7 1 

47.1 

26.6 

26.8 


23.3 

72.2 

48.4 

23.8 

27.8 


9.2 

G9.5 

50.7 

18.8 

30.5 


- 1.8 

67.5 

51.2 

16.3 

32.5 

-21.20 ' 

- 0.5 

66.7 

51.4 

15.3 

33.3 

-20.10 

-12.9 

65.7 

51.9 

13.8 

34.3 

-18.08 

-17.9 

64.9 s 

52.2 

32.7 

35.1 

-17.00 


i Jackson and feSilsbe© (4). 
* By extrapolation. 
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Great care was taken to standardize the procedure and to prevent an unde- 
sirable degree of supercooling. The final figures are each the mean of 
several determinations. 

The data are given in Table 1 and are plotted in Figure 1. 



Fig. 1. Solubility-freezing point relationships of water solutions saturated with 
respect to sucrose and dextrose. 


A 

Dextrose 

D 

Dextrose plus sucrose 

B 

Water 

E 

Freezing curve 

C 

Sucrose 

F 

Eutectic 


The ternary eutectic temperature of the system sucrose-dextrose-water is 
-17.9° C. and the proportion of dextrose to sucrose is 1 part to 4.11 parts. 

It is to be noted that this is a markedly lower proportion of dextrose to 
sucrose than that indicated as permissible in practice. The conclusion is to 
be drawn, therefore, that in practice a certain degree of supersaturation is 
permissible, this amount being indicated by a comparison of these data and 
the figures presented in the work of Dahlberg (2). 
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THE AGE THICKENING OF SWEETENED CONDENSED MTTiK 
II. EFFECT OF FOREWARMING CONDITIONS* 

V. C. 8TEBNITZ and II. 11. SOMMER 
Department of Dairy Industry, University of Wisconsin 

It is a matter of common experience in the evaporated and sweetened 
condensed milk industries that forewarning conditions, especially tempera- 
ture, greatly influences the subsequent stability of the finished product. 
The usual temperature range of 130 to 145° F. at which the milk is con- 
densed in the pan is not sufficiently high to insure destruction of all disease 
germs, quality-damaging organisms and enzymes that might be present. 

A relatively high forewarming temperature is desirable from a biological 
standpoint especially where the milk is heated in the presence of the sucrose 
or remnants of previous batches of sweetened condensed milk. Rice (1) has 
shown that enzymes are more stable toward heat when in the presence of 
sucrose and that a rancid flavor is apt to develop unless a rather high fore- 
warming temperature is used. He found that in the absence of sucrose, fore- 
warming to 140° F. for 15 minutes or to 150° F. for an instant was sufficient 
to destroy lipase activity. The forewarming temperature used is further 
limited by its effect upon the subsequent thickening of the product. The 
viscosity must be high enough to prevent fat separation but not so great as 
to be objectionable from the standpoint of the consumer. 

In condensery practice a wide range of forewarming temperatures are 
used and the milk and sugar may be heated together or the sugar solution 
may be heated separately. A common practice is to heat the milk and sugar 
with live steam until it begins to boil and then to start drawing it into the 
pan. These practices have been subjected to experimental study in this 
laboratory to determine their effect upon the subsequent age thickening of 
the finished product. 

EFFECT OF FORE WARMING TEMPERATURE 

The experimental procedure used in these trials has been given in a pre- 
vious paper (2). 

Table 1 shows the progressive age thickening of 8 batches of sweetened 
condensed milk made from the same milk but with different forewarming 
temperatures. The milk and sugar were heated together for 10 minutes at 
the temperature indicated and then promptly cooled to 131° F., the tempera- 
ture of condensing, before drawing the milk into the pan. For the tempera- 

Received for publication July 17, 1935. 

♦Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. 


805 



806 


V. C. STEBNITZ AND H. H. SOMMER 


ture below 203° F. the milk was forewarmed in a water bath, at 203° F. the 
milk was heated directly witli steam, and for the temperatures above boiling 
an autoclave was used. 


TABLE 1 

Effect of foiewarmvng temperature — January 88, 1984 


°F. 

TEMP. 

135 

150 

165 

180 

195 



248 

Days 


1 


1 Viscosity in Poises 




0 

7.4 

1 7.4 

8.7 

17.3 

22.9 

19.8 

7.4 

7.4 

2 

87 

7.4 

8.7 

92.0 

* 

* 

11.55 

13.93 

6 

19.42 

• 161 

11.55 

1584.0 

j 


11.55 

19.42 

11 

58.5 

1 19.42 

25.8 

# 

i 

i 

16.75 

19.42 

16 

403.5 

13 93 

22.3 




19 42 

22.3 

23 

403.5 

19.42 

25.8 



i 

19,42 

22.3 


* Samples too viscous to measure. 

Sucrose 44.1%, Fat 7.95%, Milk solids-not-fat 21.43%. 


The results show that fore warming temperatures of 150 and 165° F. make 
a less viscous product than heating the milk to only 135° F. With tempera- 
tures of 180° F. and up to boiling the milk becomes considerably less stable, 
while temperatures above boiling again make the milk less susceptible to age 
thickening, but produced a dark-brown discoloration in the finished product, 
especially after a period of storage at 37° C. With the low forewarning 
temperatures there is danger of fat separation during storage. The exces- 
sively high viscosities of the 195 and 203° F. forewarmed milk are greater 
than is usually the case but are due to the high milk solids content of the 
finished product as shown at the bottom of the table 
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Table 1 is plotted in graph 1 and shows that batches made with fore warm- 
ing temperatures of 150, 165, 280 and 248° F. exhibited about the same ten- 
dency toward age thickening. 

This trial was repeated with essentially the same results as is shown in 
Table 2. 


TABLE 2 

Effect of forewarming temperature — February 15, 1934 


of. I 

TEMP. | 

3 35 

15° | 

165 

180 

195 

| 203 

| 242 

Days 



j Viscosity in Poises 

l 1 


0 

6.2 

6.2 

7.4 

8.7 

8.7 

00 

-j 

7.4 

4 

6.2 

6.2 

7.4 

33.5 

• 393.3 

302.9 

39.0 

8 

13.0 

9.9 

13.0 

192.9 

* 

i 

* 

158.9 

14 

23.8 

13.9 | 

19.4 

1072.0 



505.1 

19 

25.8 

16.8 

25.8 

1400. 0 



717.0 

25 

53.0 

22 3 

47.5 

* 

i 


1850.0 


* Samples too viscous to measure. 

Sucrose 44.1%, Fat 8.40%, Milk solid s-not-f at 19.48%. 

Visible fat separation in tlie 135 and 150° F. forewarmed batches. 


EFFECT OF PROLONGED HOLDING PERIOD AT FORE WAR MING 
TEMPERATURE 

In these trials the milk and sugar were forewarmed together, held for the 
period designated, and then quickly cooled to 135° F. before drawing the 
milk into the pan. 

The results given in Table 8 are for stable milk and show that as the 
length of the holding period increases the tendency to thicken becomes 
greater. In Table 4 a higher forewarming temperature was used and the 
milk was originally unstable. 


TABLE 3 

Effect of holding period — February S, 1031 



NO HOLDING I 
PERIOD | 

15 1 

MINUTES 

30 

MINUTES 

00 

MINUTES 

Days 

! | 

V iscosity 

%n Poises 


0 . 

7.4 ! 

7.4 

7.4 

7.4 

4 . . 

19.42 

95.0 

125.0 

252.8 

11 .... 

22.3 ! 

124.1 

221.5 

282.0 

15 

25.8 I 

138.8 

103.2 

218.8 

21 

25.8 ! 

148.5 

173.5 

293.0 


Sucrose 44,10%, Fat 8.05%, Milk solids-not-fat 20.22%. 
Forewarning temperature, 190° F. 


From these results it appears that the effect of a prolonged holding 
period depends upon whether or not the milk is originally stable, the effect 
being to stabilize unstable milk and to unstabilize stable milk toward age 
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TABLE 4 


Effect of holding period — May 31, 1934 



NO HOLDING 
PERIOD 

15 

MINUTES 

30 

MINUTES 

60 

MINUTES 

Days 


Viscosity 

in Poises 


0 

31.0 

32.0 ! 

7.4 

7.4 

1 . ... 

1981.0 

* ! 

1 

307.5 

’ 403.5 

4 

* 


* 

* 


* Samples too viscous to measure. 

Sucrose 44.10%, Fat 8.32%, Milk solids-not-fat 20.15%. 

Forewarming temperature 203° F. 

thickening. However, the effect is too slight to be of any practical signifi- 
cance in attempting to stabilize unstable milk in this manner. Graph 
2 shows the effect of the holding period for both stable and unstable milk. 



Thickening. 

EFFECT OF HAVING THE SUGAR AND MILK TOGETHER DURING EXPOSURE TO 
THE TEMPERATURE OF FOREWARMING AND CONDENSING 

The effect of having the sugar in contact with the milk during the fore- 
warming and during the condensing is shown in Table 5. In this trial, the 
effect of forewarming the sugar syrup and milk separately at 185° F. for 10 
minutes, cooling to 135° F., and then mixing the two together before draw- 
ing into the pan was compared with adding the sugar syrup near the end of 
the condensing period. These results are plotted in graph 3. 

The results show that having the sugar in contact with the milk during 
the forewarning period has the greatest effect in causing the milk to thicken 
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TABLE 5 

Effect of Hugni on age thickening -March 1, 1934 



A 

B 

c 

Bays 


Viscosity m Poises 


0 

7.4 

2.76 

2 76 

5 

78.2 

33 5 

28.4 

11 

120.0 

41.8 

ts 

00 

15 

1146 

58.5 

28 4 

22 

192.9 

83.9 

28 4 


Sucrose 44.1%, Fat 8.36%, Milk solids not fat 20.55%. 

A — Sugar and milk fom\ aimed together. 

R — Sugar and milk forewarmed separately, cooled to 135° F, and then mixed 
together before drawing into the pan. 

O — Sugar added as a s\rup near the end of the condensing period. 

during aging, while having the sucrose in contact with the milk during con- 
densing (131° F. for about 2ji hours) greatly decreases the viscosity, but 
makes a more viscous product than when the sugar is added near the end of 
the run. Adding the sugar near the end of the condensing period is likely 
to produce a product which is too thin and which will show fat separation 
during storage. 



A — Sugar and milk forewarmed together. 

B — Sugar and milk forewarmed separately, coolod to 135° F., and then mixed 
together before drawing into the pan. 

C — Sugar added as a syrup near the end of the condensing period. 

DISCUSSION 

The method of controlling the age thickening by the use of the proper 
forewarning temperature is quite satisfactory during the season of the year 
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when the milk is not originally unstable. A temperature of 175 to 185° P. 
is quite satisfactory from the standpoint of age thickening and is sufficient 
to destroy lipase activity, especially if the sugar and Remnants of previous 
batches are not added until after the milk is up to temperature. Porewarm- 
ing temperatures below 165° F. should be avoided as there is too much dan- 
ger of fat separation. 

A 10 minute holding period at forewarming temperature seems to be 
quite satisfactory. Longer holding periods as a means of stabilizing unstable 
milk cannot be recommended. 

Where sucrose alone is used as the sweetening agent it should not be with- 
held from the milk until near the end of the condensing period as is done 
with corn sugar. In every trial in this laboratory where the sucrose was 
withheld until late in the condensing period the milk was excessively thin 
and showed fat separation, [n cases where the finished product thickens too 
rapidly it may be satisfactorily controlled by forewarning the milk and 
sugar separately, cooling to the pan temperature, and then mixing the two 
before drawing into the pan. 


CONCLUSIONS 

Forewarming temperatures of 150 and 165° F. make a product which 
thickens less rapidly than heating the milk to only 135° F. With tempera- 
tures from 180° F. up to boiling the milk becomes considerably more un- 
stable, while temperatures above boiling again make the milk less susceptible 
to age thickening. 

Forewarming temperatures above boiling cause considerable darkening 
in the finished product during storage. 

Prolonged holding periods at the forewarming temperature tend to 
unstabilize stable milk, but have a slight effect in stabilizing unstable milk. 

Having the sucrose in contact with the milk during forewarning has the 
greatest effect in causing the milk to thicken during storage, while having 
the sucrose in contact with the milk only during condensing at a tempera- 
ture of 131° F. greatly decreases the viscosity, but makes a more viscous 
product than adding the sucrose as a syrup near the end of the condensing 
period. 

Excessive age thickening may be prevented by withholding the sucrose 
during the time that the milk is at forewarning temperature. 
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CAUSES OF DIFFERENCES IN BUTTERFAT PRODUCTION OF 
COWS IN IOWA COW TESTING ASSOCIATIONS* 

MOGTCNS PLUM 
Iowa State College 

It is important to know the extent to which differences between produc- 
tion records are caused by environmental factors and how much they are 
caused by heredity since it is only the hereditary differences which make 
possible any permanent breed improvement. The present study was under- 
taken to measure the relative importance of the chief causes of variation 
among records of cows in Iowa Cow Testing Associations. 

SOURCE OF DATA 

Through the cooperation of herd owners and of members of the Dairy 
Extension Service staff at Iowa State College, the record books belonging to 
men who had been members of a Cow Testing Association for at least three 
consecutive years, some time during the period 1922 to 1932, were sent to the 
college where the data desired were copied for this study. Besides the 
amount of milk and the fat percentage at each monthly test the record books 
contain, wuth varying degrees of accuracy and completeness, information 
about the registration number (or barn number in case of grades) and birth 
date of the cow, registration number of the sire and dam of the cow, date and 
age of cow when lactation started, dates when cow went dry and date on 
which the first test in each lactation was conducted. 

The merit of the ration fed to each cow was scored according to an arbi- 
trary scale running from 1 to 9. Grade 1 feeding consisted of legume hay, 
silage, three kinds of grain including bran, protein supj)lement, grain while 
on pasture and grain to dry cows, while grade 9 consisted of non -legume hay 
and one grain fed whole. All scoring was done by Mr. G. G. Gibson of the 
Dairy Husbandry Extension staff. The various standards for grading the 
feeding policy in each lactation arc shown on p. 812. 

The records from 95 different herds of Guernsey, Holstein and Jersey 
cattle were used for this study. These herds had been tested regularly in a 
Cow Testing Association for a period which varied from 3 to 11 years, but 
averaged 6.8 years. The number and kind of cows under investigation are 
summarized in Table 1. 

Received tot publication July 13, 1935. 

* The writer is indebted to Dr. Jay L. Lush for stimulating suggestions during the 
conduct of this study and for valuable criticism of the manuscript. 
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Standai ds for Grading 


GRADE 

ROUGH A(.K 

GRAIN 

1 

Legume hay and silage 

3 grains including bran 

2 

a a a a 

2 grains 


oi Legume hay 

3 grains including bian 

3 

Mixed hay and silage 

a a a a 


or Legume hay 

a a a a 

4 

Timothy or mixed hay 



and silage 

or Timothy or mixed hay 

a tt a a 


and silage 

a a a a 

5 

Mixed hay and silage 

2 gTRins 

6 

Timothy hay 

3 grams including bran 


oi Silage 

2 grams 

7 

Non legume ha$ and 
silage 

2 grains (whole) 


or Silage 

2 grams (giound) 

8 

Non legume hay 

2 grams (whole) 


or Silage 

2 grains (giound) 

9 

Non legume Ion 

1 gram (whole) 


Giades 1 to 6 required also the intrusion of a piotom supplement 
a Gram fed when on pasture and gram fed to dry cows 
b Gram fed when on pastuie 
c Gram fed to diy cows 

TABLE 1 

Number of cows and number of lactations of cows of the different breed* 




PUREBRED 



Grade 



TOTAL 

BREED 

Cows 

| Lactations 

Cows | 

Lactations 

Cows 

Lactations 


No 

% 

No 

% 

No 

% 

No 

% 

No 

% 

No % 

Guernsey 

69 

30 

162 

28 

313 

13,5 

870 

14 9 

882 

16 5 

1032 17.6 

Jersey 

850 

36 7 

1859 

317 

721 

311 

2024 

34,5 

1571 

67,8 

3883 66.3 

Holstem 

220 

9 5 

553 

94 

143 

62 

392 

67 

363 

15,7 

945 16.1 

Total 

1139 

49 2 

2574 

43 9 

1177 

50 8 

3286 

561 

2316 100.0 

6860 100.0 


ADJUSTMENT OF DATA 

The measure of production used in the present study was the total butter* 
fat production in the first eight monthly tests of all lactations which lasted 
at least 9 months.* If the figures thus obtained are multiplied by the aver- 

* This measure was chosen on theoretical grounds as long enough to show some differ- 
ences in persistency but not long enough to be as seriously influenced by differences in 
management of C.T.A. herds us 10 month or 12 month lactations would be. The provision 
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age number of days per month, viz. 30.5, the production for the first eight 
months of the lactation is obtained. 

All records were corrected to a mature equivalent basis using factors 
obtained from these data. All lactations known to follow abortions were 
discarded. The record books gave no information concerning the number 
of times daily the cows were milked, and no corrections could be made for 
this. In the findings this and other unknown or unrecorded differences in 
management will appear as causes of variation which in some cases affect 
all herd mates alike but in other cases will affect only the individual cow. 

METHODS OF INVESTIGATION 

The data were analyzed by the method of analysis of variance described 
by Fisher (3). By this method, of which an example in shown in Table 3, 
it is possible to isolate the variance brought into the data from various 
sources. When the total variance is to be analyzed into its component parts 
the observations are classified on the basis of certain criteria which it is 
supposed may be significant causes of variation. After the variance between 
the classes has been isolated, a residual variance, commonly called “experi- 
mental error,’’ will be left. The relation between the total variance and 
the residual variance can be expressed either as a correlation between the 
observations within a class, or as that fraction of the variance caused by the 
factor, or whole complex of factors, which affects alike all member of the 
same class. 

All the data were punched on cards and computed with the Hollerith 
tabulating machine. 

RESULTS 

General time trend 

During the 11 years included in the present study the average produc- 
tion increased about 50 pounds of butterfat (on a 10-month lactation basis). 
However, only 2.8 per cent of the total variance is due to changes in yearly 
averages. Therefore the time trend which the data show, although signifi- 
cant, is one of the minor causes of variation among these records. 

Difference between purebred and grade cows 

The average production of all the grade cows (as a total for the first 
eight monthly testing days) was 10.70 zt .04 2 pounds of fat while the 
average production of the purebred cows was 11.63 rt .06 pounds of fat 

about the ninth month was used to eliminate cases where the cow was almost dry on the 
last testing day. However later studies have indicated that it would have made little 
difference if lactation lengths of 9, 10, 11 or 12 months had been used or even if associa- 
tion yoarly records had been used. 

* In this paper the figures after the ± are standard errors. 
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or 8*7 per cent higher. This difference corresponds roughly to a difference 
of 34 pounds of butterfat for 10 months’ production. 

This agrees closely with the findings of McDowell (9) who studied over 
100,000 yearly records of purebred and grade cows tested in Dairy Herd 
Improvement Associations. He found that purebred cows excelled grades 
by 6.7 per cent in production of butterfat but consumed 23 per cent more 
units of feed than grades. McDowell points out that the higher production 
of the purebreds might have been due to better feeding. 


TABLE 2 

Average production of purebred and grade oows by breeds 
(Expressed as total pounds of fat produced in the first eight monthly test days) 


BREED 

AVERAGE PRODUCTION 
Purebred Grade 

| DIFFERENCE 

PUREBRED < 

ABOVE GRADE 

J 

STANDARD ERROR 
OF MEAN 
DIFFERENCE* 

Guernsey 

10.60 

10.42 

| M 

.23 

Holstein 

12.08 

10.73 

I 1.35 

.08 

Jersey 

10.41 

11.13 

| -.72 

.17 


* The standard error of the difference is figured from the standard deviation within 
breed (see Table 3), 2.64 x Vl/n^-h 1/njT 


Variance due to breed differences 

Table 2 shows the averages by breed. The total variance for the grade 
records is 5.61 while the total variance for the purebreds is considerably 
higher, viz. 8.50. Both for purebred and grade cows there is a significant 
difference between breeds. But while 6 18 per cent of the total variance 
disappears when breed is held constant in the purebreds, only a little more 
than one half of one per cent of the variance disappears when the same is 
done for the grade cows When purebred and grade cows are analyzed 
together, breed differences account for 2 09 per cent of the total variance, 
but practically all of this breed variance is caused by purebred cows. 

Apparently purebred cows show distinctly more difference between 
breeds than grade cattle do, and the division of grade cows into different 
“ breeds' ’ may seem unjustified insofar as butterfat production is concerned. 
Without attempting to give a complete explanation of this situation, two 
suggestions may be offered. First, part of this lesser variation among the 
grade cows may be caused by a more vigorous culling of low producing 
grades than of low producing purebreds. McDowell’s (9) study of the 
records of purebred and grade cows seems to show that there is a more 
intense culling for grade cows. However, grade cows included in the present 
study were in these herds long enough to have an average of 2.79 lactations' 
each while the purebreds have only an average of 2.26 lactations each, 
Second, some purebreds (but not all) are forced by high feeding, extra 
milking, etc,, into unusually high production. Naturally there would he 
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less of this among grades and perhaps it is a less frequent practice with 
purebreds of some breeds than others. 

Variance due to herd differences 

The average production of the different herds varies considerably. The 
variance within herd is 34.1 per cent less than the intra-breed variance 
(Table 3). This corresponds to a correlation of .34 between records chosen 
at random from the same herd in a population of many herds all belonging 
to the same breed. 


TABLE 3 

Analysis of variance due to breed , herd , and cow 


SOURCE OP VARIATION 

DEOllKES OP 
FREEDOM 

SUM OP 
SQUARES 

MEAN SQUARE 

STANDARD 

DEVIATION 

Between breeds 

2 

877 

438.4 


Within breeds 

5857 

40682 

6.946 I 

2.64 

Between herds within breed 

118 

14404 

122.1 , 


Within herds within breed 

5739 

26278 

4.579 

2.14 

Between cows within herd 
Between records of the 

2195 

16553 

7.540 


Barae cow . 

3544 

9725 

2.744 

1.66 

Total . 

5859 

41559 

7.093 

2.66 


AU differences are highly significant (P < .01). 

Portion of total variance due to differences between : 


_ 7.093 

Breeds 7 ; 093 


6.946 

- = 2.09%. 


_ 7.093 -4.579 

Herds y — = 35.4 % . 

7.093-2.744 

- = 61.3%. 


Cows 7.093 

Portion of intra-breed variance due to differences between: 

„ , 6.946-4.579 

Herds 6946 -- = 34.1%. 

,, 6.946-2.744 _ 

Cows 6946 — = 60.5%. 

Portion of intra-herd variance due to differences between cows : 
4.579-2.744 
4.579 : 


= 40.1%. 


Records from the same herd may be either from the same cow, but made 
in different years, or they may be from different cows and made during the 
same or in different years. Herd mates may be related or may be somewhat 
alike because each owner has selected or culled them according to his own 
ideas. In order to exclude the cases where cows have more than one record, 
the analysis of variance of the first available records of the 2316 cows was 
carried out in a manner similar to the one shown in Table 3. The variance 
due to herd differences was 33.0 per cent of the intra-breed variance. This 
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corresponds to correlation of .33 between first available records of herd mates. 
The smallness of the difference between 33.0 and 34.1 is not surprising since 
two records chosen at random from a large herd would rarely be records 
of the same cow. 

The important herd effect shown by this correlation of about one third 
may have several causes. Each herd may be a distinct group with a certain 
uniformity, obtained either by selection or by consanguinity among the 
animals. Such selection and culling may not have been toward the same 
ideal nor with equal intensity in all herds. The environment and manage- 
ment may be rather uniform for all cows in the same herd but distinctly 
different from herd to herd. Gowen (7, pp. 278-298) using Holstein- 
Friesian Advanced Registry data found that the correlation ratio between 
herd and milk yield was .603 and the correlation ratio between herd and 
butterfat percentage was .490. If the degrees of freedom are taken into 
consideration these correspond to correlations of .33 for milk and .20 for 
butterfat percentage between records of herd mates. Although Gowen ’s 
figures come from Advanced Registry data, they show a herd effect of sur- 
prisingly near the same size as was found in these Iowa Cow Testing Asso- 
ciation herds. 

Variance due to differences between cows 

Table 3 shows that 40 1 per cent of the intra-herd variance and 60.5 per 
cent of the intra-breed variance are due to differences between cows. (Since 
in these data all records of a cow were made in the same herd, the intra-breed 
differences between cows include the herd difference.) This corresponds 
to a correlation of .40 between records of the same cow in a population of 
cows all belonging to the same herd, or to a correlation of .60 between records 
of the same cow in a population of cows kept in many herds. In a single 
Jersey herd Gowen (5, 6) found an average correlation of .54 and .52 
respectively, between milk production and fat percentage of one lactation 
at any age, and milk production and fat percentage of another lactation at 
another age. In a population of cows from many herds Gowen (7) found 
an average correlation of .67 between successive 365-day milk yields of 
Holstein-Friesian cows and an average correlation of .70 between similar 
yields of Guernsey cows. Likewise in a population of Danish cows from 
many herds, Gaines and Palfrey (4) found for yield of fat-corrected-milk 
(milk energy) an average correlation between successive lactations of .50. 
Each of those cows had been kept long enough to have ten normal lactations. 
Probably few really low producers among those which started on test would 
have escaped culling this long. The correlation of .60 found in the preseht 
study is somewhat higher than the average correlation found by Gaines and 
Palfrey, but somewhat lower than the correlation found by Gowen. 

Breed, herd, and cow differences together account for 61.3 per cent of 
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the total variance. The remaining 38.7 per cent of the variance is due to 
differences between the records of the same cow. These differences may be 
caused by a number of factors, such as year to year changes in weather, 
management and feeding, length of preceding dry period, season of calving, 
imperfections in the corrections for age, errors in assuming that the actual 
production during the eight months was accurately shown by the monthly 
tests, and perhaps other factors. Even after allowance has been made for 
feeding, length of dry period, season of calving and other recorded factors 
of management, there will be a considerable residual variance left, the cause 
of which cannot be determined precisely. For convenience such causes may 
be lumped together as unrecorded or unknown variations in the environment. 

Influence of feeding 

The feed the cows received was scored according to an arbitrary scale 
planned to run from 1 to 9, but only two cows’ feeding actually was scored 
lower than grade 7. Cows receiving grade 1 feeding produced approxi- 
mately 490 pounds of butterfat for a 10-montli period while cows receiving 
grade 7 feeding produced only about 276 pounds of butterfat. The analysis 
of variance shows that there are significant differences between the produc- 
tion of cows grouped in the different feed grades. When the differences in 
average production which are associated with differences in Iced grade are 
eliminated the variance is reduced 16.8 per cent. However the correlation 
between feed grades of the same cow in consecutive years is .78. This 
correlation is made up of a correlation of .92 between means of herds and a 
correlation of .59 within herds. Therefore* there are marked differences 
in t lie feeding policy from herd to herd and there is some tendency to feed 
the same cow the same way year after year. This indicates that a consider- 
able part of the differences which exist between herd averages is associated 
with recorded variations in their feeding practices. Doubtless there were 
other important but unrecorded differences in feeding practices. Of the 
intra-herd variance 8.3 per cent (which equals 5.4 per cent of the total 
variance) was due to variations in feeding grade. The variance associated 
with feeding grade (16.8 per cent) may then be divided into one part (5.4 
per cent) due to* unlikenesses in feeding within herds and another part 
(11.4 per cent) due to differences in the feeding policy from herd to herd. 

The condition of the cow at calving is usually considered to be an impor- 
tant factor in determining her production, at least during the first part of 
the lactation. An analysis of variance shows that the feed grades of the 
previous year and that of the year the record is made, together are respon- 
sible for 1 per cent more of the total variance than is the feed grade the 
year the record is made. Apparently there is some after-effect of the 
previous year’s feeding, so far as that is different from the current year’s 
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feeding, but this effect is small compared with the total variation when 
allowance has already been made for the feeding the year the record is made. 



Fig. 1. Average Production and Average Feed Grade for Cows in Herds which have 
been in Cow Testing Associations for at Least 8 Years. 

The two scales are so chosen that one standard deviation on each occupies the same 
distance on the chart. Thus the slopes of the two lints show comparably their regression 
on the herd owner’s experience m thb cow testing association Experience has a marked 
influence upon feed grade while the pi ogress m production is slower, except during the 
first year. 

Influence of held owner's* experience 

Figure 1 shows that the average production of herds which have been in 
Cow Testing Associations for at least eight years gradually increases. The 
largest increase takes place from the first to the second year. Figure 1 also 
shows that the feeding improves rather steadily from year to year. Ten 
and three tenths per cent of the intra-berd variance disappears when the 
effect of yearly variations are eliminated. This 10.3 per cent is not very 
different in size from the 8 3 per cent of the intra-herd variance which is 
caused by differences in feeding This may be largely accidental, but the 
similarity of the trends in Figure 1 indicates that the improvement in feed- 
ing as the owner’s experience increases is an important factor in causing year 
to year variations within a herd. 

Influence of the length of the preceding dry period * 

Investigations concerning the influence uf the length of the dry period 
preceding lactation have usually shown that production is lowered when 
the dry period is extremely short. Most investigations have also shown 
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that very long dry periods tend to decrease tin* production in the following 
lactation. Thus there seems to be an optimum length of the dry period, 
usually given to be one to three months in length. Quite similar results 
were obtained in the present study but, excluding heifers, there were only 
100 records which had no dry period at all. Slightly more than 1 per cent 
of the total variance disappeared when the effects of variation in dry period 
were removed. Apparently length of dry period is a minor cause of varia- 
tion among these records. 

Influence of season of calving 

In the present data there are differences in production of cows calving 
at different seasons of the year. Cows calving during November to January 
produced 13.6 per cent more butterfat than cows calving in May to July, 
which is in close agreement witli Cannon’s (1) studies of more than 68,000 
records from Iowa Cow Testing Associations. However, only 3 per cent 
of the total variance is due to differences in the season of calving. Thus 
although the season of the year has a significant influence upon production 
it is a minor cause of variation here. 

The relative importance of heredity and environment 

Gowen (8) has studied the relative importance of heredity and environ- 
ment on milk production and butterfat percentage of Jersey Register of 
Merit cattle. He finds that the inheritance of the cow determines 50-70 
per cent of the variation in milk production. Environment common to 
sisters accounts for 5 to 10 per cent and other factors peculiar to the cow 
herself account for 20-45 per cent. In the butterfat percentage the inheri- 
tance controls 75-85 per cent, the environment common to sisters has no 
apparent effect and the influences common only to the cow herself control 
15-25 per cent. However in these calculations Gowen assumed that common 
environment contributed nothing to the correlation between daughter and 
dam. Such an assumption seems too extreme in view of the differences in 
herd management. Perhaps that goes far toward explaining the highness 
of the values he finds for the importance of heredity. 

Wright (12) has calculated from Gowen ’s data from IIolstein-Friesian 
and Guernsey cattle that milk production for these cows is determined about 
75 per cent by heredity. Likewise Wright has calculated that the average 
correlation between the genotypes of the cows in a herd is about ,20. This 
also interprets the differences between herd averages as much more genetic 
than environmental. 

For cows tested under the variety of conditions found in Iowa Cow Test- 
ing Associations the statistics need not necessarily be the same as for cows 
on official test. There might be a wider range of environments (or a nar- 
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rower) in Cow Testing Association data. Likewise there might be a much 
wider or narrower range in the real hereditary productivity of the cows 
in the Cow Testing Association population. 

In Table 3 it was shown that there is an intra-herd correlation between 
one record of a cow and another record of the same cow of .40. Now if 
heredity were the only thing which tended to make the records of the same 
cow alike, the portion of the intra-herd differences caused by heredity (h 2 ) 
would be .40. Undoubtedly there are other factors which cause two records 
of a cow to be the same, as for instance intra-herd correlations between the 
environment to which the same cow has been exposed in the different years 
and intra-herd correlations between the cow's environment and her heredity. 
Such a correlation will exist if there is a tendency to feed individual cows 
according to production, but it has not been possible to measure it from the 
present data. 

Hereditary differences between cows thus cause something less than 40 
per cent of the variance found within a herd. 

The influence of common herd environment 

Possibly some herds are fed well because they produce well rather than 
the reverse, and therefore it may not be correct to say that the differences 
associated with differences in feeding are caused by differences in feeding 
But with this qualification the feeding practices of the herds can be con- 
sidered as a cause of variation between herds. However this accounts for 
only part of the differences between herds. The herds may differ in unre- 
corded ways in their feeding or in other important features of their manage- 
ment, such as times milked per day. On the other hand there doubtless 
are differences in the average intrinsic merit of the cows in different herds. 
The things which make herd mates resemble each other in productiveness 
may thus be partly hereditary and partly environmental. 

The correlation of .33 between records of herd mates is a measure of the 
extent to which the combined genetic and non-genetic causes make them 
produce alike but tells nothing about how much of this is genetic and how 
much non-genelic. No satisfactory and simple answer to this was found. 
The writer’s opinion is that differences between the average environment 
of different herds account for approximately three-fifths of the variance 
between herds. This figure is highly tentative, since it has not yet been 
possible to determine its value within narrow limits. The remaining two- 
fifths of the variance between herds can tentatively be regarded as due to 
hereditary differences in the average kind of cows in the different herds. 

Discussion of results 

The influence of common herd environment on correlations between 
relatives is a factor which should not be overlooked when aggregates of 
data from many herds are analyzed together. 
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The correlation between daughter and dam was .31 when the first avail- 
able record of each was used and the data were analyzed together without 
regard to herd differences. The corresponding correlation within herds 
was .06 (based upon 683 dam-daughter pairs from 81 herds). Neither 
intra-herd assortative mating nor common environment can be very impor- 
tant in this intra-herd correlation. Doubling this correlation furnishes a 
rough estimate of the importance of heredity within the herd. However, 
only that fraction (g 2 ) which can be expressed additively of the variance 
(h 8 ) due to gene differences and combinations, enters into the daughter-dam 
correlation. This analysis therefore gives h 2 g 2 /2 = .06 or h 2 g 2 -.12. If 
dominance is the major cause of non-additive combination effects of genes, 
it is suggested by Fisher (2) that g 2 is typically around % while Wright 
(11) for other reasons thinks that g 2 is more typically around . These 
two values would give values for h 2 of .18 and .15 respectively. If non- 
additive interactions of non-allelomorphic genes (epistatic effects) are 
frequent and of considerable magnitude, g 2 may be lower. Consequently If 
would take higher values than these, although it could not go above the .40 
indicated by the intra-herd correlation between different records of the 
same cow. 

In 246 cases (scattered through 68 herds) the dams had a record starting 
not more than 3 months from the time the daughter's record started and 
each dam also had an earlier record. When the first record was used for 
both daughter and dam, the total correlation was .32 while the correlation 
within herds was .30. For contemporary records of daughter and darn 
the total correlation was .40 and the correlation within herds was .27, show- 
ing a considerable effect of simultaneous environment. The total correla- 
tion between the two records of the dams was .41 while the correlation within 
herds was .25 for this. The correlation of .10 between the first available 
record of both daughter and dam gives, for values of g 2 of % and values 
for h 2 of .30 and .25 respectively. Lower values of g 2 , which would occur 
if the effect of dominance is more than suggested by Wright and Fisher, 
or if epistatic effects are important, would give higher values of h 2 . 

Some other data, 3 collected in connection with the proved sire work in 
Iowa Cow Testing Associations, may be used for an independent estimate 
of the genetic part of the variance in butterfat production. These data 
consist of the records of 2,394 daughter-dam pairs used in proving 355 sires. 
An analysis of these records shows a total correlation of .408 and an intra- 
sire correlation of .178 between records of daughters and dams. These 
records were either lactation records or C. T. A. yearly records, corrected 
for age by the 70, 80, 90 per cent rule. Some of these records may have 
been made during the same year and there may have been other than genetic 

8 Kindly furnished by E. N. Shultz of the Dairy Husbandry Extension Service. 
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causes for this correlation. If genetic causes alone are responsible for this 
intra-sire correlation the genetic part of the variance (h a g a ) is at the most 
,36, which is slightly higher than the values found in the present study. 

These correlations and the conditions under which they are obtained 
seem to make it likely that li 2 within herds may be somewhere between .20 
and .40. Until further studies have been made the value of h 2 may be set 
at somewhere around one third to one fourth. This figure is not exact 
enough to be very satisfactory. Nevertheless it does explain and make 
reasonable a host of breeders ’ practical experiences which have hitherto 
seemed puzzling. It explains especially the many individual disappoint- 
ments in selecting for high production in contrast with the favorable general 
experience with selection as a slow but fairly dependable average means of 
improvement. It is highly desirable that there be more studies to deter- 
mine the value of h 2 more closely. Especially would it be desirable to get 
more evidence about g 2 on which the evidence here (only that involving 
correlations between relatives) is scanty. In measuring the immediate 
consequences of culling, h 2 is important as expressing the portion which is 
real of the apparent difference between the productivity of those culled 
and those kept. But in selecting for breeding purposes, h 2 g 2 is more impor- 
tant since it is the fraction of superiority in the parents (as indicated by 
their records) which may be expected in their offspring. 

The hereditary part of the herd differences (about 40 per cent as a 
very rough approximation) and the hereditary part of the intra-herd 
variance (one third) are not far from the same magnitude. Since both 
are approximations it may be well enough for practical purposes to com- 
bine them into a single value. A value of % would probably give a maxi- 
mum estimate of the hereditary part of the variance among single records 
from many herds while a value of % would be more conservative. 

The influence of year to year changes within & herd (probably mostly 
environmental but partly genetic, since some cows are culled and others 
added each year) accounts for 6 or 7 per cent of the total variance or roughly 
10 per cent of the intra-herd variance. If this year-to-year variation were 
discounted by figuring production records within a herd as deviations from 
the yearly average, the resulting figures would doubtless come closer to 
representing hereditary differences in productivity, ie„ h fl would be a little 
larger in them. However, yearly variations are not nearly so important in 
these Iowa records as they are said to be in the data used in Germany by 
von Patow and his associates (10) who seem to consider year-to-year varia- 
tions as the major environmental cause of variation. Moreover the measure-, 
ment of productivity as so many per cent above or below the herd average 
offers many practical difficulties in comparing cows which make records ip 
different herds or in different years in the same herd, especially if the herds 
are small. 
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The estimate of the genetic part of the variance obtained from the pres- 
ent study is lower than the values given by Wright and by Go wen. Wright’s 
unpublished computations (on Gowen’s data from IIolstein-Friesian and 
Guernsey Advanced Begistry) seemed to indicate that nearly all the like- 
ness between herd mates was genetic rather than due to common herd 
environment. This rested on the smallness of the difference between half 
sister correlations and non-sister herd-mate correlations as contrasted with 
the higher correlations between full sisters and between dam and daughter. 
Gowen’s estimate of the magnitude of the environmental influence is what 
is called intra-herd year-to-year variations or “seasonal environment’ ’ in 
the present paper. If what seems to be the environmental part of the herd 
differences here (about 20 per cent) is subtracted from Gowen’s figure for 
the influence of heredity, values are obtained which are only slightly higher 
than the values (one third) found in the present study. Gowen’s estimate 
of the influence of environment (5 to 10 per cent) corresponds closely to the 
comparable value for intra-herd year-to-year changes in environment (about 
10 per cent) found in the present study. 

The correlations between records of the same cow reported by Gaines 
and Palfrey (4) and Gowen (7) would give values for the hereditary part 
of the variance which are only slightly different from the one found in the 
present study if environmental causes of differences between herds accounted 
for about 20 per cent of the total variance. Thus a value of about one 
third for the hereditary part of the variance (h 2 ) should not seem sur- 
prisingly low. 

It seems likely that the genetic part of the variance which enters into 
parent offspring correlations (h 2 g 2 ) is not far from one fourth. The prac- 
tical consequence of such a value of h 2 g 2 would be that if the cows selected 
as parents for the next generation average 100 pounds of butterfat above 
the level of the breed or herd and the bulls are equally superior, then the 
offspring would average about 25 pounds above this same level. If the 
average interval between generations is 5 years this would correspond to 
an improvement of 5 pounds of butterfat per year. This rate of improve- 
ment could be increased if selection could be made more intense or if the 
genetic part of the variance could be increased, i.e., if other sources of 
variation can be controlled or taken into consideration by making proper 
corrections so that the breeder is no longer deceived by their effects. 

While the results here are only approximate quantitatively, no reason 
is seen for thinking that they are biased either in the direction of largeness 
or smallness. Additional studies on suitable data with further refinements 
to verify and extend the conclusions of this study are to be desired. If 
and when such verifications are obtained, the conclusions can be the basis 
of improved practical procedure, especially in planning what is to be gained 
by this or that method of selection and in deciding how much attention to 
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pay to pedigree, to the animal's own production and to the production 
of its various progeny. 

TABLE 4 

Jteldtwe importance of causes of variation in butterfat production 


CAUSES OF VARIATION 

PER CENT OF TOTAL VARljl 

Breed 

2 

Herd 


Feeding policy of herd 

12 

Other causes (genetic or environmental) 

21 33 

Cow (mostly genetic) 

26 

Residual (year to year vaiiations) 


Feeding variations vutlun tlie herd 

0 

Other year to year differences 

1 

Length of dry period 

1 

Season of calving 

3 

Other factors 

28 39 

Total 

100 


SUMMARY 

The importance of different sources of variance is summarized in 
Table 4. 

Practically all of the 2 per c'ent due to breed was found among the pure- 
bred cows, the grades showing very little breed difference. 

Differences between cows (26 per cent) are mostly hereditary, but 
include the effects of any permanent change taking place in the cow before 
she starts giving milk and the effects of continually giving one cow better 
or poorer feeding and management than her herd mates. 

Variation in butterfat production among these cows seems to have been 
determined about one third by differences in their heredity. The major 
source of uncertainty in this estimate is the question of what part heredity 
plays in the 21 per cent of the variance arising from herd differences not 
connected with recorded feeding practices. 

The large amount (28 per cent) of unexplained variance indicates the 
considerable discrepancies still to be expected between a cow's record and 
her real producing ability, even after careful corrections have been made 
for age, feeding, dry period, calving season and the general level of the herd 
in which she is kept. 
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SUBSTANCES ADSORBED ON THE FAT GLOBULES IN CREAM 
AND THEIR RELATION TO CHURNING. IV. FACTQliS 
INFLUENCING THE COMPOSITION OF THE 
ADSORPTION “MEMBRANE”* 

CHARLES E. RIMPILA and L. S. PALMER 
Division of Agricultural Biochemistry , University of Minnesota, St. Paul 

INTRODUCTION 

Hattori (1), Palmer and Wiese (2), Wiese and Palmer (3) and Palmer 
and Lewis (4) have shown that the protein fraction of the natural fat globule 
“membrane” in milk is different chemically and physically from any of the 
known proteins of milk. Palmer and Samuelsson (5) and Palmer and Wiese 
(2) have demonstrated that the natural fat globule “membrane” also con- 
tains pliospholipides which consist chiefly of a fraction resembling a lecithin. 

The work of Wiese and Palmer (6) has shown that both “washed” cream 
and an artificial emulsion of butter-fat in buttermilk from sweet cream be- 
have like normal cream in respect to churning, but that other artificial creams 
prepared with calcium caseinate, whey, blood globulin, phospholipide, or 
blood globulin plus phospholipide do not churn normally. It is thus demon- 
strated that the natural fat globule “membrane” is not formed when pre- 
paring artificial emulsions of butter-fat by means of the major constituents 
of milk plasma. Nevertheless, North and Sommer (7) erroneously assume 
that the natural interfacial material is concerned in the determination of the 
seta potential between butter-fat and diluted skim milk. 

The present paper deals with the isolation and comparison of the analyses 
of the fat globule “membrane” and its protein fraction from artificial emul- 
sions of butter-fat in skim milk, buttermilk, whey, and casein solutions to- 
gether with analyses of the natural fat globule “membrane” and its protein 
fraction. 

EXPERIMENTAL METHODS 

All the creams, both natural and artificial, were washed by the method 
described by Wiese and Palmer (6). 

The fat globule “membrane” materials were isolated as follows: The 
cream after washing was churned after cooling and tempering at a natural 
churning temperature. The free buttermilk combined with the buttermilk 

Received for publication July 15, 1935. 

* This paper represents a portion of the thesis presented by Charles E. Rimpila in 
partial fulfillment of the requirements for the degree of Ph.D., University of Minnesota, 
1934, Published with the approval of the Director as Paper No. 3371, Journal Series, 
Minnesota Agricultural Experiment Station. 

827 



828 


CHARLES E. RIM PILA AND L. S. PALMER 


from the melted butter was supercentrif uged. The supercentrifuged butter- 
milk was dried at 40° C. under reduced pressure, the dried residue consti- 
tuting the crude fat globule “membrane.” 

The protein portion of the “membrane” was the residue remaining after 
exhaustive extraction with absolute ethyl alcohol and ether. 

The artificial emulsions of butter-fat were prepared by passing a mixture 
of melted, filtered butter-fat and the emulsifying solution at 38° through a 
Gaulin homogenizer five times at 200 pounds pressure. This treatment pro- 
duced a “milk” in which the fat globules were similar in size to those found 
in natural milk. 

The protein content of the “membrane” was determined by weighing the 
residue remaining after alcohol and ether extraction of a weighed sample of 
crude “membrane.” 

Aliquots of the alcohol-ether extract were ashed with MgNO a , following 
the method of Wiese, Nair and Fleming (8) and the phospbolipides calcu- 
lated by multiplying the phosphorus content of the ash by 100 and dividing 
the result by 3.85 on the assumption that lecithin was the only phospholipide 
present. The assumption probably permits reasonably accurate comparisons 
between the different “membranes” studied. 

The protein content of the washed cream was determined by weighing the 
residue left after treating a weighed sample of cream with dioxan 1 (ratio 
1:7), filtering, extracting with ether and drying. 

All phosphorus analyses were performed by the Fiske and Subbarow (9) 
method. Lipide phosphorus in cream was determined by the method of 
Wiese, Nair and Fleming (8). 

Phosphatase activity of the creams was determined by the method of Kay 
and Graham (10). 

The method reported by Cavett (11) was used for the Van Slyke nitrogen 
distribution of the “membrane” proteins. 

DESCRIPTION OF THE CREAMS AND THEIR TREATMENT 

Natural creams . Cream 1 . — Two quarts of fresh cream were washed 
four times with distilled water. A sample of cream was taken after each 

i Dioxan is a trade name for 1-4 dioxane (tetra-liydro-p-dioxin, or diethylene dioxide) 
manufactured by the Carbide, Carbon Chemicals Corporation, New York City. It is a 
good fat solvent and is miscible with water in all proportions. These facts make it useful 
in isolating the protein from cream. Preliminary experiments with mixtures of butter- 
fat, water and dioxan showed that the least amount of dioxan necessary to form a miscible 
mixture with 1 gram of a 150 per cent cream was 7 ce. and less dioxan was required for 
the higher fat creams. Since most washed CTeams contained over 50 per cent fat it was 
decided to use the ratio of 1 gram cream to 7 cc. dioxan in making the fat globule mem- 
brane ’ ’ protein analyses, and for creams with less than 50 per cent fat more dioxan was 
added until a miscible mixture was formed, when the samples were filtered. Although the 
dioxan dissolved the phospholipides and lipides, it was deemed necessary to extract the 
protein with ether in order to remove the last traces of these substances. 
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washing and saved for total phosphorus, lipide phosphorus, and protein 
analyses. The fat globule “membrane” was not isolated from this cream. 

Cream 2. — One gallon of fresh cream was washed with distilled water. 
One quart was taken out after the fourth, sixth, eighth and tenth washings, 
and they were used for isolation of the fat globule “membrane.” The total 
phosphorus, lipide phosphorus, and protein were determined in the creams 
washed four, eight, and ten times. The cream washed six times was lost. 

There was not enough “membrane” protein isolated from the samples of 
creams that were washed four and eight times respectively to determine the 
Van Slyke nitrogen distribution ; however, enough “membrane” protein was 
obtained for this determination from the sample of cream washed len times. 

Cream .7. — One gallon of fresh cream was washed four times with dis- 
tilled water. The fat globule “membrane” was then isolated and analyzed. 

Cream 4 . — One gallon of fresh cream was washed six times with distilled 
water, and the “membrane” isolated and analyzed. A sample of the orig- 
inal cream and samples from the first, fourth, and sixth washings were saved 
for phosphatase determinations. 

Cream 5 . — Fresh cream was washed with distilled water tw T enty-four 
times and samples withdrawn at the fourth, eighth, twelfth and tw’cnty- 
fourth washing. The samples, together with one of the original cream, wore 
preserved with formaldehyde, adding about 1 part HCIIO per 2,500 parts 
cream. 

Cream 6 . — Fresh cream was washed eight times and samples withdrawn 
for analysis after the fourth and last washings. The samples, together 
with a sample of the unwashed cream, were preserved with formaldehyde 
(1:2,500). 

Cream 7 . — This was a repetition of cream 6 except the samples were 
not preserved with formaldehyde. 

Cream 8 . — Two quarts of fresh cream were washed foflr times with dis- 
tilled water, then four times with sweet rennet whey, and finally four times 
"with water. Sweet rennet whey w r as prepared by adding one and one-half 
times the required amount of rennet to fresh skim milk, cutting the curd w ith 
cheese knives, cooking it slightly, and finally drawing off the whey. This 
whey was immediately centrifuged to remove the casein particles, cooled, and 
stored in a refrigerator until used the next day. Before the whey w f as used 
for washing the cream, it was warmed to 38°-43°. 

Samples of cream were saved from the following washings ; fourth whey 
washing, and the first, second, third and fourth water washings following 
the whey washing. These samples w T ere analyzed for total phosphorus, lipide 
phosphorus, and protein. The sample of cream which had been washed 
twelve times (four times by water, four times by whey, and again four times 
by water) was used for isolation of the fat globule “membrane.” 

Artificial creams. Cream 9, Whey cream .« — The sweet rennet whey used 



830 


CHARLES E. RIMPILA AND L. S. PALMER 


in making this cream was prepared by the same method as that described for 
the whey used to wash ci’eam 8. Butter-fat was obtained by filtering melted 
butter. The emulsion of butter-fat in whey was made by the method de- 
scribed under experimental methods. 

The whey cream was washed twice without difficulty, but during the third 
washing, the cream clogged the centrifuge bowl and had to be scraped out 
and redispersed in water. This redispersed cream constituted the third 
washing and was used for isolation of the “membrane.” No attempt was 
made to wash the cream more than three times. 

Cream 10. Skim milk cream . — The skim milk used for the preparation 
of this cream was obtained from the separation of fresh whole milk. Jt was 
used immediately for making the butter-fat emulsion. 

The cream thus obtained was washed twice without trouble, but both the 
third and fourth w r ashings had to be scraped out of the centrifuge bowl and 
redispersed in water. Samples were taken from the original cream and from 
the first, second, third and fourth washings, and were used to determine their 
total phosphorus, lipide phosphorus and protein contents. A sample of the 
fourth washing was also used for isolation of the “membrane” material. 

Cream 11. Buttermilk cream . — The buttermilk used for the preparation 
of this cream was obtained from the churning of fresh unpasteurized sweet 
cream. It was then supercentrifuged to remove all traces of unchurned fat 
globules. Butter-fat was obtained from filtered melted butter. 

The buttermilk cream was -washed three times but the third washing of 
the cream had to be scraped from the centrifuge bowl and redispersed in 
water. No attempt was made to w r ash the cream more than three times. The 
redispersion of the cream from the centrifuge bowl constituted the third 
washing which was analyzed for total phosphorus and lipide phosphorus, 
and also used for the isolation of the fat globule “membrane” protein. 
Samples of the original cream and of the first and second washings were 
analyzed for total and lipide phosphorus. 

Cream 12. Buttermilk cream. — Buttermilk used for this experiment 
was prepared by churning two gallons of unpasteurized cream in a metal 
barrel churn. The buttermilk was then centrifuged to remove unchurned 
fat globules and particles of butter-fat. The method for preparing this 
cream wms not the same as that used for making the other artificial creams. 
Instead of emulsifying butter-fat into buttermilk to produce a four per cent 
milk, sufficient butter-fat was used to make a cream having thirty-five per 
cent fat. This cream was washed twice without much difficulty, but the 
separation of the third washing clogged the centrifuge howl. The cream 
from the bowl w'as redispersed in distilled water and was used for the isola- 
tion of the fat globule “membrane.” 

Cream 13. Casein cream. — The casein w^s prepared from skim milk by 
the Van Slyke and Baker ( 12) method modified by Van Slyke (13) . A solu* 
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tion containing 2.5 per cent casein was made by dissolving the casein in satu- 
rated lime water and titrating this solution to a pH G.6 with one per cent 
H 3 P0 4 . This casein solution was mixed with enough butter-fat to form a 
thirty-five per cent cream, and the mixture emulsified. 

The casein cream could not be washed with water as it clogged the centri- 
fuge bowl during the first washing. 

EXPERIMENTAL RESULTS 

The effect of washing cream with water upon its lipide phosphorus , total 
phosphorus , and, protein content. The results of these experiments are 
shown in Table 1. After the third washing the decrease in the above men- 
tioned constituents in cream 1 was very small. There was further gradual 
decrease of less magnitude in lipide phosphorus and total phosphorus after 
the fourth washing, which continued until the emulsion broke. This fact is 
illustrated in the experiments with cream 11. However, after the twenty- 
fourth washing the cream that remained still contained the fat globules with 
the * ‘membrane” intact, but weakened. The “membrane” material is held 
very lightly to the fat globules. 

The lipide phosphorus analyses 1, 2 and 3 in Table I were made on the 
same sample of cream at intervals of about a week or more. These tests 
were made to investigate the possible deterioration of these “membrane” 
constituents upon standing. There was a decrease in lipide phosphorus in 
creams 2 and 5, but none in creams 6 and 7. Since formaldehyde w T as added 
to cream 6 but not to cream 7, these contradictory results leave the cpiestion 
of “membrane” lipide deterioration open to further investigation ; they sug- 
gest that the “membrane” may at times carry a leeithinase. 

The washed artificial creams contained very little lipide phosphorus, 
showing that the “membrane” was not typical of that found in natural 
creams. 

Cream 8 washed four times with water, four times with whey, and finally 
four times with water, had a final lipide phosphorus content lower than that 
observed for cream 5 washed twelve times with water. One of the major 
effects of washing with whey was to decrease the lipide phosphorus content 
of the “membrane.” 

All the natural creams withstood washing with water even up to twelve 
times as is shown by cream 5. This cream began to break after the twelfth 
washing but some cream was left even after twenty-four washings. 

The artificial creams could not be washed more than three times at the 
most, which is further evidence that their “membranes” were not typical 
of natural cream. 

The effect of washing cream on its phosphatase activity . — The effect of 
washing cream on its phosphatase activity is shown in Table 2. After wash- 
ing six times with distilled water the cream still contained more than 50 per 



832 


CHARLES E. RIMFILA AND L. S. PALMER 


cent of its phosphatase activity. During the churning of the washed cream 
the phosphatase evidently goes into the buttermilk as is shown by the high 
enzyme content of the buttermilk from melted butter. This shows definitely 
that part of this enzyme in cream is a constituent of the fat globule “mem- 
brane” and can not be washed away with water, and substantiates the con- 
clusions of Kay and Graham (10) based on the phosphatase activity of 
various fractions of milk, whole milk, skim milk, cream, butter, buttermilk. 

Composition of the fat globule “membrane.*' — Table 3 gives the analyses 
of the crude fat globule “membranes” isolated from washed natural cream. 
The range in composition of the fat globule “membranes” is as follows: 
Protein 21.98 to 43.96 per cent, phospholipides 13.00 to 26.00 per cent, and 
non-phospholipide ether-extractable fraction 56.04-78.02 per cent. The 
“membrane” from artificial creams contained only traces of phospholipides, 
but contained 44.66 to 55.25 per cent protein and 44.75 to 55.34 per cent 
non-phospholipide ether-extractable material. 

Composition of the fat globule “ membrane ” prot cin. — 1 Table 4 contains 
the results of all the “membrane” protein analyses performed compared 
with similar analyses of the “membrane” protein previously published from 
this laboratory. 

Comparison of the natural fat globule “ membrane ” proteins with each 
other. — There are small significant variations in total nitrogen. Van Slyke 
nitrogen distribution, and phosphorus content among the different natural 
cream “membrane” proteins, but as a group they compare favorably with 
those isolated by Hattori (1) and Wiese and Palmer (3) . It is evident from 
these analyses that the “membrane” protein is not one of the common milk 
proteins. The variations in analyses of the “membrane” protein which 
were found in this study indicate that the methods employed for its isolation 
do not result in a “pure” protein but rather a protein contaminated by 
varying although minor amounts of the other proteins of milk. 

Comparison of the natural fat globule “ membrane ” protein with those 
isolated from artificial creams. — The Van Slyke nitrogen distribution and 
phosphorus analyses show definitely that the fat globule “membrane” pro- 
teins of the artificial creams, are not the same as those isolated from natural 
creams. 

Comparison of the “ membrane” proteins among the individual artificial 
creams. — The “membrane” proteins from creams 11 and 12 (buttermilk 
creams) are very similar to each other in all respects, but differ from the 
“membrane” proteins isolated from cream 9 (whey cream) and cream 10 
(skim milk cream). The “membrane” protein from cream 9 (whey cream) 
resembles in its Van Slyke nitrogen distribution a mixture of laetalbumin 
and globulin, and that from cream 10 (skim milk) a mixture of casein and 
laetalbumin. 

The total nitrogen content of the “ membrane ” proteins . — All the “mem* 
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brane” proteins, both from natural and artificial creams, have a low nitrogen 
value, much lower than observed for pure proteins. The cause for this low 
nitrogen content is not known. Attempts to detect carbohydrate or sterol 
as the prosthetic group of the natural “membrane” protein have not proved 
successful ; also the low nitrogen is not explained by a high mineral content. 

discussion 

Those substances in milk plasma which lower the tension of a butter-fat- 
water interface would be expected to concentrate at the surface of the fat 
globules. ITowever, in milk it is evident that the fat globules are wholly or 
partially surrounded by a special group of substances whose origin has not 
yet been explained and whose presence may or may not be due wholly to 
their colloidal properties. The surface active substances occurring in major 
concentration in milk plasma evidently constitute the outer layers of the 
fat globule surfaces if indeed they are normally concentrated there at all. 
For when cream is washed by dilution with water the surface active sub- 
stances of milk plasma are readily removed leaving essentially only the 
special, probably highly oriented material as the natural “membrane” layer 
around the fat globules. 

This special “membrane” material has been shown in this study to be 
composed of protein, phospholipides, and ether extractable non-pliospho- 
lipides. This is in agreement with the earlier work of Palmer and 8am- 
uelson (5) and Palmer and Wiese (2). The significance of the etlier-extract- 
able non-phospholipide material which composes over 50 per cent of the 
“membrane” can not be stated at the present time. It is also found in the 
fat globule “membranes” of the artificial creams. Perhaps the oriented 
molecules of “membrane” material are partly in the fat phase and are 
attached to certain of the fat molecules with almost chemical affinity; when 
the fat globules coalesce during the churning process to become the con- 
tinuous phase the “membrane” molecules possibly continue to bold onto 
this fat which can only be removed by fat solvents. 

Jt was found in this study that the “membrane” composition is variable 
from one natural cream to anolher in respect to the protein and phospho- 
lipide content, and also in respect to the Van 81yke nitrogen distribution of 
the protein fraction although the latter variation is only slightly significant. 
The cause of these variations remains to be determined. The mechanical 
methods employed are no doubt responsible in part but the possibility of 
certain variations being of biological origin, i.e., natural variations, cannot 
be overlooked. 

Repeated washing with water slowly wears away the “membrane” 
around the fat globules in natural cream, but it takes more than twelve 
washings before the emulsion begins to break, and even after twenty-four 
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washings the cream remaining still contains fat globules with their “mem- 
brane” intact. 

Washing, water-washed cream, with whey in some way affects the lipide 
phosphorus fraction so that this can be washed away by further water wash- 
ing much more readily than when water alone is used. This is one of the 
most surprising results of the present study and shows that the lipide frac- 
tion cannot be regarded as a chemical component of the 4 * membrane * 1 protein 
molecules. 

The “membrane” materials isolated from artificial creams made by 
emulsifying butter-fat in either whey, skim milk or buttermilk were dis- 
tinctly different from those isolated from natural creams. In the first place 
these artificial creams could not be washed as extensively as could the natural 
creams. Furthermore the “membrane” around the fat globules in artificial 
creams contained little or no phospholipides, the largest amount occurring 
in the “membrane” from the buttermilk cream. The proteins from the fat 
globule “membranes” of the artificial creams were found to be distinctly 
different from the natural “membrane” proteins in respect to Van Slyke 
nitrogen distribution and phosphorus analyses. Even the “membrane” 
isolated from buttermilk creams was not identical with the natural “mem- 
brane” materials, although buttermilk is known to contain these materials. 
This seems contrary to the experience of Wiese and Palmer (6) who found 
that artificial buttermilk cream churned normally. The explanation may 
lie in the fact that the unwashed buttermilk cream is as rich in phospho- 
lipides as many samples of washed natural cream (See Table 1). It is pos- 
sible, therefore, that a small but significant part of the “membrane” in 
this case is the natural “membrane” material occurring in the buttermilk, 
the amount being sufficient to account for its normal churning behavior. 

These results show that the recent work of North and Sommer (7) may 
be criticized because they assume that by streaming diluted skim milk 
through a butter-fat capillary they are dealing with the same “membrane” 
that is found around natural fat globules in milk. - The emulsions of butter- 
fat in skim milk do not produce typical “membrane” material around the 
fat globules as evidenced by the chemical analyses reported in this paper 
and the other abnormal behavior of artificial skim milk creams. 

The Van Slyke nitrogen distribution of the fat globule “membrane” 
proteins of natural cream resembles more the nitrogen distribution of the 
“membrane” proteins isolated by Hattori (1) and Wiese and Palmer (2) 
than that of the “membrane” proteins isolated from artificial creams or that 
of the ordinary milk proteins. The “membrane” proteins from the artifi- 
cial creams resemble mixtures of known milk proteins in regard to their 
Van Slyke nitrogen distributions. 

This dissimilarity between the fat globule “membrane” materials ol 
artificial creams and the natural “membrane” material raises the question 
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of the origin of the natural fat globule “membrane.” It appears possible 
that the “membrane” may be formed before the fat globules become a part 
of the milk or the fat globules may be secreted before the milk plasma is 
completely formed in which case the “membrane” materials could be con- 
sidered, in part at least, as precursors of plasma materials. 

The nitrogen content of fat globule “membrane” proteins of both the 
artificial and natural creams is lower than that observed for known proteins. 
We have no explanation for these low total nitrogen values at the present 
time, but we do know they are not due to cholesterol, carbohydrate or to the 
presence of large amounts of inorganic materials since analyses have been 
made for these substances. 

Ghrzaszcz and Goralowna (14) have shown that diastase, reductase and 
catalase are present in higher concentration in cream than in milk ; Wieland 
and Macrae (15) have shown this to be true also of dehydrogenases; Tayama 
(16) has demonstrated that zanthine oxidase is present on washed fat 
globules; and Kay and Graham (10) have shown that phosphatase is closely 
associated with the fat globules in milk. Our study has demonstrated con- 
clusively that phosphatase is a definite constituent of the natural fat globule 
“membrane.” The various enzymes mentioned and others for which tests 
have not been made possibly play an important part in the keeping qualities 
of the fat-ricli fractions of milk. This is suggested by the fact that in the 
preservation of the samples from the cream washing experiments certain 
samples showed a deterioration of the phospholipide fraction, which was 
probably due to enzyme action, possibly a lecithinase. 

CONCLUSIONS 

1. The percentage of protein and phospholipides in the fat globule 
“membrane” from various samples of cream is not constant but is essen- 
tially constant for any one sample of cream after the fourth washing with 
distilled water, at least through the tenth washing. 

2. The adsorption “membrane” found on butter-fat globules emulsified 
in sweet rennet-whey, skim milk, or buttermilk does not have the same com- 
position as the natural fat globule “membrane” of milk in its percentage 
and proportion of protein and phospholipides. 

3. The Van Slyke nitrogen distribution of the fat globules “membrane” 
proteins from artificial creams prepared by emulsifying butter-fat in whey, 
skim milk or buttermilk, is not the same as that of the natural fat globule 
“membrane” proteins. 

4. A large part of the phosphatase activity of natural cream is in the fat 
globule “membrane” material and is not removed by water washing. 

5. In the synthesis of milk the natural fat globule “membrane” is not 
derived from the milk plasma, 
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6. The fat globule “membrane” proteins of natural cream and of artifi- 
cial creams made by emulsifying butter-fat in skim milk, buttermilk or whey 
appear to contain a prosthetic group, so far not identified, which causes the 
nitrogen content to be abnormally low as compared with other known pro- 
teins of similar complexity. 


TABLE 1 

The effect of washing cravm on its hpide phosphorus, total phosphorus and protein content 


< REAM 

Li pule 1 r 



cut f 00 


1 

•> 

3 

Total P 

MUMS KAT 


my ms. 

mg ms. 

mg ms. 

mg ms. 

giams 

Natural creams (washed with watei) 






Cream 1 

Original cream 

17.3 



188.3 

11.4 

After first washing 

12.9 



39.7 

1.60 

After second washing 

9.3 



18 0 

0.73 

After third washing 

8.7 



15 3 

0 01 

After fourth washing 

7.2 j 



13 8 

0 59 

Cream 2 

After fourth washing 

8.3 j 



11.8 

0.45 

After eighth washing 

10.0 ' 


5.8 

12.2 

0.40 

After tenth washing 

8.3 j 



11.2 

0.45 

Cream 5 

Original cream 

13.6 | 



128 8 


After fourth washing 

13.0 

10.2 

8.0 

18.2 

0.69 

After eighth washing 

1U 


8.7 

10.4 

0.01 

After twelfth washing 

7.1 

7.3 


10.5 

0.54 

After twenty-fourth washing 

5.4 



10.4 

0.40 

(‘ream 6 

Original cream 

20.2 

17.8 




After fourth washing 

13.3 

15.0 

14.0 

21.3 


After eighth washing 

1 1.3 

12.5 

11.2 

16.0 

0.71 

Cream 7 

Original cream 

18,8 

10.5 




After fourth washing 

13.0 

12.3 


18.2 


After eighth washing 

10.3 


10.9 

17.9 

0.08 

Cream 82 

After fourth whey washing 

10.3 



137.2 


After first water washing’ 

7.2 



20.5 


After second water washing 

4.3 



12.2 


After third water washing 

4.1 



HU j 


After fourth water washing 

Artificial croams (washed with water) 

3.7 



9.3 

0.36 

Cream 9 (whey cream) 

Original cream 

3.39 





After third washing 

0.06 



2.8 

0.57 

Cream 10 (skim milk cream) 
Original cream 

0.08 



189,0 


After fourth washing 

0.14 



5.5 

0.65 

Cream 11 (buttermilk cream) 
Original cream 

7.03 



191.6 


After first washing 

1.50 



37.0 

* 

After third washing 

1.20 



25.8 



1 Analyses 1, 2 and 3 were made on the same sample at about week intervals. 

2 Washed with water 4 times, whey 4 times, then water 4 times, 
s Following the whey washings. 
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TABLE 2 

Phosphatase aetnnty of cream washed with water and of the buttermilk from the cream 

washed six tmes 


Cream 4 
Original cream 
After first washing 
After fourth washing 
After sixth washing 


PHOSPHATASE UNITS 1 
IN CUBA MS 


15. 00 per gram 
1.99 “ 

3.69 “ “ 
1.52 ‘ « * ‘ 
1.43 per cc. ( 
4.18 per ce. J 


PHOSPHATASE UNITS 1 
PEIt OHAM OF FAT 


6.84 

5.73 

4.94 

4.22 

3.41 


i Kay and Graham units (10). 


TABLE 3 

Composition of the fat globule ‘'membranes” isolated from >, natural and artificial creams 



PHOT hi \ 

Al.eolloli K'lllKK h\TIt\<'T 


1‘llOSllIlO- 

Non plios 

Total 



lipide 1 

pholipldo 

Normal creams 

per ci nt 

per een t 

per cent 

per cent 

Cream 2 

Washed four times with water 

43.96 

17.53 

38.52 

56.04 

Washed eight times with water 

40.12 

19.46 

40.42 

59.88 

Washed ten tunes with water 

39.13 

21.96 

38.91 

60.87 

Cream 3 

Washed four times with water 

29.13 

26.00 

44.87 

70.87 

Cream 4 

Washed six times with water 

21.98 


! 

78.02 

Cream 6 





Washed eight times with water 

36.30 

13.00 

50.70 

63.70 

Cream 7 

Washed eight times with w r ater 
Cream 8 

Washed four times with water, 

33.29 

22.51 

43.80 

66.71 

four wdth whey, and four 
with w r ater 

34.76 



65.24 

Artificial creams 





Cream 9 (whey cream) 

Washed three times with water 

54.43 



45.57 

Cream 10 (skim milk cream) 
Washed four times with water 

44.66 



55.34 

Cream 11 (buttermilk cream) 
Washed three times with water 

55.25 



44.75 

Cream 12 (buttermilk cream) 
Washed three times with water 

52.25 



47.75 


i Calculated from the percentage total phosphorus in alcohol and ether extract using 
factor 3.85% P in phospholipide. 



TABLE 4 

Average i analyses of fat globule “membrane” proteins 
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American Dairy Science Association Announcements 


ANNUAL MEETING, JUNE 3 6—19, 1936 

The annual meeting of the American Dairy Science Association will be 
held at the Pennsylvania State College June 16-19, 1936. The Program 
Committee will welcome suggestions from the membership concerning new 
features or changes from the type of program that we have followed in past 
meetings. Suggestions may be sent directly to S. T. BechdeJ, chairman of 
the Program Committee, or to any of the general officers of the Association 
or to the officers of the Sections. 

NEW OFFICERS 

Results of the election of officers are not generally mailed to members 
but the directory page as carried in the Journal is corrected as rapidly as 
changes are brought to the attention of the editor. It is believed that list 
now contains all of the newly elected officers, most of whom took office on 
October first. 


JOURNAL INDEX 

The system of indexing the Journal has been changed in the present 
volume to care for the increased size of the Journal. 

The complete papers and abstracts of papers given at the annual meeting 
have been grouped together and each article appears at least three times 
in the subject index. The author index has been separated from the sub- 
ject index. Since the editor has planned on following this same style of 
index and similar main index headings, comments to improve it would be 
appreciated. 
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275, 
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21 

free/iug 


275 
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472 
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473 

phospholipids 

113, 

125 

quality campaign 


479 

score card 


405 

-whipping 
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400 

Cream Cheese 


475 

Creatine Test for Diacetyl in Butter 
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579 
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163 
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479 
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451 
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lipase 

247 

proteolytic 

267 

Evaporated Milk, 
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81 
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287 
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455 
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63, 439 
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- 437 
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441 
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Lespedeza hay 

443 
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test for milk quality 705 

Methylene Blue Reduction Tost, 

detection of formaldehyde 327 

Microscopic Examination of Butter 

478, G03 

Milk, 

acidity 247 
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NUTRITIONAL ANEMIA, CALCIUM PHOSPHORUS AND NITRO- 
GEN BALANCE AND BONE COMPOSITION OF RATS 
FED RAW VERSUS PASTEURIZED MILK 

H. A. Lasby and I.. S, Palmer 

Due to a number of unfortunate errors in the calculation of the chemical 
data and statistical significance of the results the following corrections are re- 
quired in the paper hearing the above title in this Journal Vol. /<¥, No. 3, 
March 1935, pages 181 to 192. 

On page 183 last paragraph ending on page 184 read the following in place 
of the entire paragraph: Using ‘Student’s’ formula for t as applied to small 
samples, calculating the probability (P) as ( 1-a) from ‘Student’s’ tables 1 for 
l !> (1 + a ) and selecting a 5 per cent level for significance the data in Table 1 
show that the differences for each successive weeklv interval are not significant. 

On page 185, line 1 read “third week” in place of “second week.” 

On page 186, lines 3, 4. 5 and 6 read the following: However, Table 2 
shows that the difference was significant only in the third week, and, being 
only slightly significant as well as being followed by differences which were 
not significant, cannot he given much consideration. 

On page 188 omit the last sentence beginning, “The slight differences — .’’ 

On page 190, lines 16 and 1 7 read the following in place of the entire 
sentence: Results. Results of bone analyses of ten of the eleven pairs of rats 
are presented in Table 5, the data from pair No. 15 being omitted from the 
calculations liecause the animals remained in the ex}>eriment only 17 days. 

On page 190, line 19, read 0.0076 for 0.054; line 21, read “significant” for 
“border line”; line 25, read 4 0.6259 for (-0.7638; lines 24, 25 and 26 read 
in place of the sentence beginning, “A correlation — ” the following : A correla- 
tion coefficient of +0.6259 was obtained for the bone ash of the rats fed the 
raw milk and a correlation coefficient of +0.4043 for the bone ash of the rats 
fed pasteurized milk, the value for the raw milk fed animals having a border 
line significance for the number of samples. 

On page 191, line 4, read +0.5088 for +0.6238 and read -f 0.3690 for 
+0.2493; line 6, read “statistically” for “probably not.” Add the following: 
The biological significance of the result is rendered improbable by the fact that 
similar calculations for the calcium and phosphorus content of the same hones 
showed probability values for significance of 0.3492 and 0.3839, respectively. 
Line 28, read : L The calcium retentions were slightly greater on the raw milk 
but the difference is not statistically significant; line 29, read: 2. The phos- 
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phorus retentions were the same on the two diets; line 32 read “raw” for 
“pasteurized.” 

On page 192, lines 6 and 7 , read in place of the sentence beginning. “The 
difference — ,” the following : The difference is statistically but not biologically 
significant and is not explained on the basis of the better growth of the rats 
receiving the pasteurized milk; lines 10, 11 and 12, omit the sentence begin- 
ning “The ash — 

In addition to the above corrections substitute the following tables, 1, 2, 
3, 4 and 5, for the corresponding tables on pages 184, 185, 189, 190 and 191, 
respectively. 


TABLE 1 


CALCULATIONS FROM HEMOGLOBIN j 

CALC ULATIONS FROM IIODV WEIGHT 

Week 

t 

P 

i 

r 

0 

0,5619 

0 5850 

0.2552 

0 8042 

1 

0,1996 

.8452 

0.2443 

.8114 

2 

0 2012 

.8358 

0 1218 

9052 

3 

0.2923 

,7752 

0.4542 

6582 

4 . 

0.1075 

.9160 

0 1649 

.8724 

5 

1 1926 

.2608 

0 1848 

.8572 

6 

0.2547 

.8056 

0.0498 

.9614 

7 

0 9271 

.3902 

'0 8900 

4048 

8 

1.3656 

.2214 

0 7519 

.4812 


TABLE 2 


CALCULATIONS FROM 1 

1EMOGLORIN 

| CALCULATIONS FROM BODY WEIGHT 

Week 

/ 

P 

t 

1 P 

0 

0.1124 

0.9118 

0.3153 

'-j 

tn 

X 

1 . . 

0.4161 

.8624 

0.8945 

.3830 

2 . , 

1.8814 

.0920 

0.6890 

.4998 

3 . , 

2.2815 

.0366 

2.2127 

.0402 

4 

2.8422 

.0120 

1.0197 

.3234 

5 

5 5720 

.0002 

1.1952 

. 25 % 

6 . 

6.5607 

.0000 

2.0302 

.0700 

7 .. 

3.6187 

,0154 

2.0256 

.0894 
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TABLE 4 


ELEMENT 

RETENTION ON 
RAW MILK 

RETENTION ON 
PASTEURIZED MILK 

P 

Calcium 

per cent 

31.15 

per cent 

28.89 

0.4608 

Phosphorus 

40.54 


.9138 

Nitrogen 

24.49 


7506 


TABLE 5 


MILK 

I BONE COMPOSITION 

TOTAL LENGTH 
FEMUR PLUS 
TIBU 

Total Ash 

Ca 

P 


per cent 

per cent 

per cent 

mm. 

Raw 

59.29 

21.97 

9.36 

5.3 53 

Pasteurized 

56.50 

21.53 

9.12 

5 536 
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